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PREFACE 



-•♦♦- 



Havinq been accidentally put in the way of studying truss bridges, and having 
at first labored under great difficulties from inability to procure clear and simple 
instructions how to calculate strains in trusses, being compelled to work upward 
from the simplest combinations, the author of this work has thought that the results 
of his labors might be found useful for others striving after the same object Find- 
ing that the usual formulas for the strength of pillars were not in suitable shape for 
use in bridge calculation, they were remodelled to suit all cases in practice, assuming 
Hodgkinson's formulas to be reliable. To determine the exact value of these for- 
mulas, much time was devoted to an analysis of the experiments on which they are 
based, with the results given in the text. 

In order to ascertain the best form of combination in trusses, a very close calcu- 
lation was made on the seven best-known forms of truss in use in this country, 
every care being taken to subject all to identically the same conditions. After 
finishing these calculations an effort was made to ascertain the economical angles for 
struts and ties, and from them to determine the theoretically best combination, and 
the reasons for the observed differences in the trusses examined. 

All the steps in each investigation are given in full, that every one may judge 
for himself of each step. It is hoped that even those who may differ from the con- 
clusions in reference to trusses, will yet find the work valuable for its formulas, which, 
as strict deductions from Hodgkinson, are entitled to receive the same credit that is 
universally accorded to the originals. The author will be fully satisfied if his efforts 
to solve the problems in question should be of service in guiding others to their 

complete solution. 

W. E. M. 
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The railroad interest of the United States has become of late years one of the 
greatest in the country, and every day witnesses a steady increase. All matters con- 
nected with our railroad system concern every citizen, "whether a stockholder or not, as 
every kind of business, or even of pleasure, is more or less dependent upon the safe and 
rapid interchange of persons and things that has sprung up from, and is the natural 
consequence of, railroads. The enormous amount of capital invested in them, and the 
inestimable value of the human lives daily intrusted to their care, make everything tend- 
ing to promote true economy and safety in their management a matter of the greatest 
importance to all. 

Of all parts of a railroad the bridges are the most expensive, demand the most skill 
in construction, and cause the greatest loss of life in case of failure. Every effort to 
ascertain with mathematical certainty the true strains on every part of a bridge, the 
proper manner of proportioning each part., and the best form of combination to secure 
the greatest economy with the needed safety, should receive the hearty welcome of the 
pubUc. There are none of us who do not almost daily risk our own Uves, or the lives of 
those dear to us, on the skill and fidelity of the men who build our railroad bridges. 
And yet it is lamentable to recall the number of accidents from the failure of bridges, that 
are within our memories. 

The object of the present paper is to endeavor to throw additional light upon the 
method of calculating the maxima strains that can come upon any part of a bridge truss, 
and upon the manner of proportioning each part so that it shall be as strong relatively 
to its own strains as any other part, and so that the entire bridge may be strong 
enough to sustain several times as great strains as the greatest that come upon it in 
actual use. This multiplier of the actual strains we call the Factor of Safety, and it is 
the number by which we multiply all the calculated strains to get the strains which we 
actually use for proportioning the different parts of the truss. We will assume 5 as the 
Factor of Safety for a Railroad Bridge, and we will so proportion all the parts of each 
truss that they will just give way under these augmented strains. This may seem an 
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excess of precaution, but we have to allow a wide margin for defects in manufacture, and 
for imperfect knowledge of the laws of the strengths of our material ; and, moreover, the 
value of the lives that daily pass over our railroad bridges is so immeasurable that we 
must demand safety without regard to increase of cost. 

In the early construction of railroads in this country it became necessary to use the 
most economical plans and materials to be able to build them at all. For this reason all 
of our first railroad bridges were constructed of wood, wherever the span did not 
permit the use of brick or stone. But the life of a wooden bridge is so brief that 
with their increased resources our railroads now find it economical to replace perishable 
wooden bridges by iron ones that will practically last forever, and thereby be cheaper in 
the long run. As iron is an expensive material, and moreover one that can be put into 
the exact shape that will develop its greatest strength, and as every ounce of weight in 
the bridge itself that is not absolutely required is not only a loss but an injury, it 
becomes a matter of very great importance to determine the best combination for secur- 
ing the strength required with the minimum material, and therefore at the least cost. 

There are many kinds of trusses competing for public favor, and we will examine 
the seven best known in this country, and endeavor to ascertain which requires the least 
material with the required strength, and the reason for its superiority. The trusses 
which we will examine are known from the names of their builders and designers, or 
from the character of the combination, as 

The Fink, 

The Bollman, 

The Jones, or Howe, 

The Murphy- Whipple, or reversed Howe, 

The Post, 

The Triangular, 

The Linville, or Pratt. 

We may here premise that safe bridges can be built on any one of these plans, but 
that some require more metal than others to secure the same strength. To carry out 
our design, we will complete the calculations for each bridge, assuming the same span, 
the same panel length, the same depth (where the arrangement will permit), the same 
weight of train, the same assumed weight of bridge, and the same Factor of Safety. If 
the calculations are not coiTect, they will at least have the merit of being given in detail, 
80 that any one may readily discover errors for himself. 

The effect of competition is such that many bridge-builders, while professing to use 
5 or 6 as their Factor of Safety, really use a smaller number. It is to be hoped that 
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every railroad engineer will so familiarize himself with the theory of bridge construction 
as to detect ' and prevent any such frauds on the companies and on the public. In no 
branch of manufacture are skill and honesty more requisite. 

Assumed Weights and Dimensions. 

Span = 200' 

Number of panels = 16 

Length of a panel = 12'6" 

Weight of engine = 88000 lbs. 

" tender = 50000 " 

" cars = 2104 " per foot of track. 

" bridge = 300000 " 



We will suppose each bridge to be of the class termed ''through" or "over- 
grade," composed of two trusses and the necessary flooring and top. bracing. This is 
the form of bridge that must be used in most cases, and it is therefore the proper one 
to adopt in a comparison. 

We will discuss one truss at a time, and therefore we must halve all the weights 
assumed above. We therefore have for one truss — 

Weight of engine = 44000 lbs. 

tender = 25000 " 

" cars = 1052 " per foot of track. 

bridge = 150000 " 

And on each panel — 

Panel weight of engine = 17600 = u/-\-e 

tender = 16160 = ti/+/ 

" " cars. = 13152 = i^ 

" " bridge = 9375 = u/' 

Excess of engine over cars = 4448 = e 

" tender " = 3008 = t 

The weight of the bridge itself we will consider as a number of weights of 9375 lbs. 
suspended at each roadway bearer. This will be sufficiently accurate for our purpose of 
comparison though, after the approximate weights of all the parts are obtained by this 
method, the calculations should be re-made with the bridge weight as it really is. We 
will find, farther on, that the assumed weight of bridge is in excess of the actual weight 
in all but one of the trusses examined. It is more convenient for the purposes of 
comparison to have it in excess than in deficiency. 
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Nomenclature. 

It will conduce to clearness and exactness to use the same nomenclature for all the 
bridges discussed in this treatise. The top of a truss is variously termed the Boom, the 
Top Chord, or, simply, the Top. The bottom is called the Chord, the Bottom Chord, or 
the Bottom. Strictly speaking, the term Chord should be restricted to a member under 
tension connecting the springing lines of arched bridges ; but the terms Top Chord and 
Bottom Chord are convenient, readily understood, and they are in common use by the 
largest wooden-bridge-building companies — those that build the Howe bridge. We will, 
therefore, adopt them, and we will call the top of a truss the Top Chord, and the bottom 
the Bottom Chord. All diagonal members will be called by the general name of Braces. 
If they undergo strains of compression, and transfer the weight to the nearest abutment, 
they will be called Struts ; if of tension, Ties. Counter-struts and Counter- ties are those 
that carry part of the moving load to the more distant abutment. In the same half of a 
truss, struts and counter-struts, or ties and counter-ties, have opposite inclinations. The 
distinction will be better understood as the discussion of each form of truss progresses. 
Vertical, or nearly vertical, members under compression will be called Posts ; under 
tension. Vertical Ties. 

The different arrangements for connecting bridges with the abutments, and the 
different methods of counteracting the disturbing influences of changes of temperature, 
are not essential to the purpose of this treatise. The devices are generally such as might 
as readily be used for one bridge as for another, patent rights alone interfering. Such 
details would be an unnecessary complication, and they are foreign to the use of the truss 
as a combination for the transmission of strains. It is sufficient to say that all of these 
bridges have the necessary compensations for thermometric variations. We design 
comparing the trusses in question with an eye only to economy in form — to see which 
method of combining the chords and braces enables us to carry a given weight with the 
least materiaL 

In the drawings of the trusses all cast-iron parts will be black, and wrought-iron 
parts red. As a general rule, counter-braces, whether struts or ties, will be represented 
by dotted lines of the proper color, in order to be able to distinguish them more readily. 
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METHOD OF CALCULATING STRAINS IN TRUSSES. 



Before attempting to calculate the strains on the different parts of a truss bridge, 
and, as a necessary consequence, their sizes that they may safely bear these strains, it is 
necessary to determine the manner in which strains are transmitted from any part of a 
truss to the abutments on which it rests. The problem in all trusses is to resolve vertical 
forces acting at points with no supports under them, into vertical forces acting at points 
that are directly supported by piers or abutments, and, at the same time, to cause the 
opposite horizontal forces developed in the process of transmission to the fixed points to 
neutralize each other by opposition through a horizontal member. 

Though much discussion has been given to arches of all kinds, but few engineers have 
taken the trouble to work out thoroughly and carefully the problem of truss bridges, a 
problem of great and daily increasing importance to the great railroad interest of the 
world. 

We will endeavor to settle the question of the method in which strains are trans- 
mitted to the abutments in truss bridges, and the method of calculating all the parts of a 
f truss bridge; and we will make a comparison between the seven truss bridges selected, 
endeavoring to ascertain the form of an iron truss bridge which will carry a given weight 
of train with the minimum amount of metal. 

In Figure 1, let A ^i? (7 be a truss. The weight TTat i), represented in intensity 
and direction by Da, is at once transmitted to A, where it becomes Ab. There, by the 
principle of the parallelogram of forces, it is 
necessarily resolved into A c, in the direction of 
A B, and A d, in the direction of A C. At B, 
A c becomes, in direction and intensity, i?e/ which 
is at once resolved into Bf, actiwg vertically 
downwards and neutralized by the resistance of 
the abutment ; and Bg, b, horizontal force acting 
to cause the tie-beam B C to move to the left. 
Following A d, which at C is CA, we find it re- 
solved into (7t, neutralized by the other abut- 
ment, and Ck, a horizontal force tending to move the tie-beam B to the right. The 
two horizontal forces li g and Ck are equal, and neutralize each other through the tie- 
beam B 0, no tendency to move in either direction resulting. 

It can readily be shown, both by analysis and by graphic construction, that whether 
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A is over the middle of the tie-beam, or nearer one abutment than the other, the hori- 
zontal forces developed are equal, and neutralize eoch other. 

Suppose, as in Figure 2, we have the combination CAB. Let the weight at A be* 
A d. Drawing the parallelogram of forces we get Afoxid A e. Af=i Bg'vA resolved into 

the vertical force B h = Ad, and the hori- 
zontal force Bi=fd = Ae. We see from 
this figure that the horizontal forces devel- 
oped are again equal and acting in opposite 
directions, though not directly opposed ; that 
no portion of the weight is traasmitted 
through A C, nor borne by abutment (7, and 
that B supports exactly the entire weight, 
and no more and no less. We may con- 
clude from this that though a vertical weight may develop horizontal forces in horizontal 
members, no portion of the weight itself can be carried by them to their abutments, 
but all the weight must be carried by inclined members, and that if there are no 
inclined members on the side of one abutment, that abutment will not carry any of the 
weight, although it will be acted upon by developed horizontal forces. ^ 

If we have but a single beam from one abutment to the other, the proper portions 
of the weight will be sent to each abutment, and whatever horizontal forces may be 
developed in the transmission will be neutralized within the beam. 

Instead of, as in Figure 2, neutralizing the horizontal force ^ e by the abutment (7, 
suppose we introduce an equal and opposite force developed in the same way as J. e by a 





weight at J?, which is upheld by -D (7, a strut with the same inclination as A B. The 
operation of the weight A will in no way be changed, and it will as before go entirely 
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lb the abutment B, while the weight at D goes to the abutment C. Their horizontal 
components A e and D I meet and balance through A D. 

The horizontal components B i and C r, acting to overturn the two abutments, are 
equal and opposite. If then a' physical connection be made between B and (7 by a tie 
along the line B (7, these horizontal components will neutralize each other through this 
tie, and the abutments will be relieved from any tendency to overturn. 

If now we have the combination, shown in full lines in Figure 4, it is manifest that 
no change in the strains p^^ ^ 

would be produced by sup- j jy 

posing the weights at A and 
i) to be at J? and F, con- 
nected with A and I) by ties. 
The same resolutions and 
developments of strains take 
place as before. It is also 
evident that were the mem- 
bers JE D and A F inserted, 
their presence would in no 
wise change the action of the weights, and that no strains would come upon these new 
members. 

If we suppose A D lengthened out, as in Figure 5, it is manifest that the action of 
the weights at A and D must still be the same. The weight at A goes entirely to B 

Fio. 5. 





through A J?, developing a horizontal strain through A 3, while the weight at D goes 
entirely to C, developing a horizontal strain on D J., equal to and neutralizing that first 
developed. 

If now the weight at A and D be moved respectively to L and P the same kind of 
resolution of forces continues. One weight goes entirely to B and the other to (7, the 
developed horizontal strains neutralizing each other through L P. How the weights go 
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to B and C will be shown afterwards. The same thing would take place were one at M 
and the other at 0. 

It is a well-known principle of mechanics, that any body acted upon by a system of 
forces in equUSbrio is affected by new forces as if the original forces did not exist. If 
then while the original weights remain at M and 0, equal weights be placed at L and P^ 
they will be transmitted to B and C respectively, as if the two first weights were absent, 
the horizontal forces developed neutralizing each other through L P. Similar action 
would arise from the placing of additional weights at A and D. The weights at jl/and 
cannot affiact any of the inclined members in the rectangles between them, nor those at 
L and P the inclined members between them. 

We see that these weights act in pairs, and also that each pair acts independently of 
all other pairs, as if they did not exist. If one of the weights of a pair be removed, the 
other pairs continue to act as before, and the unbalanced weight is transmitted to the 
abutments, as if it were the only weight on the truss. If these weights were on the 
Bottom Chord, the Vertical Ties would transmit them directly and unresolved to the 
Top Chordf and then the resolutions just indicated would take place. 

Were Figure 5 a railroad bridge, with a train gradually coming on, we would find 
that, until it reached the middle of the bridge, all of its weights would be unbalanced. 
After passing the middle, the train weights would commence to balance (excepting the 
excess in weight of the locomotive and the tender), until the entire bridge was covered 
and all of the weights were balanced in pairs. As the head of the train passed off* the 
bridge, the weights on the far end would gradually become unbalanced, until, as the end 
of the train reached the middle, all of the pairs would be broken and none but unbalanced 
weights left Bridges being always symmetrical in reference to the middle point, the 
bridge weights are always balanced. 

The principle explained above is that of Ihe counterbalancing of equal weights similarly 
sitiuxied on symmetrical trusses, and is a principle of great importance in the discussion of 
counter-braces. Each balanced weight goes undivided to the nearest abutment, without 
producing any strain upon braces lying between it and its counterpart. Without investi- 
^ gation, we might almost infer such action from the well-known axiom, that Nature always 
works in the simplest and most direct manner. 



Transmission of Unbalanced Strains. 
I* 

Suppose a weight at A equal to A d, the point A being connected by hes with the 

points of support B and C. 

Forming the parallelogram of forces, we have Af to be transmitted to J?, and A n 
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to be transmitted to C. Af =Bg is resolved into B i, the horizontal force, and B A, 
vertical force. • The former tends to overturn the 
abutment, and the latter to crush it. Similarly 
the forces at (7 are Cr and Co. The horizontal 
forces B i and Cr, or their equals In and e/, are 
equal to each other, because in the parallelogram 
Andf they are the altitudes of the equal tri- 
angles And and Afd, that have the same base, 
Ad. 

We also have 



the 




Bi 
Or 



^9 

rp 



BD 
CD 



DA. 
DA. 



The extremes being equal in each proportion, we have 
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igXBD=rpXGD; 
or, ig : rp W CD \ BD. 

That is, the portions of the weight transferred to the abutments are inversely as the 
horizontal distances of the weight from the abutments. 

Instead of the very simple combination in Figure 6, suppose the point A, and the 
weight thereto suspended to be connected 
with B by the combination AEB F. It 
is manifest that the change makes no dif- 
ference in the amount and line of direction 
of the portion of the weight to be trans- 
mitted to B. It will as before be Af, and 
its line of direction will be the theoretical 
line A B. There being no tie or other 
means of transmitting the force directly to 
By thereby conforming to the general law 
of mechanics that forces always travel by 
the most direct route, this force is mechan- 
ically resolved into two components, one of 
which travels through AE^ and the other 
through A F. 

The component A b, that goes through A E, at JF, is resolved into Ec=^i w, that goes 
directly to the fixed point, and Es that at F becomes F v, one of the components 
that generates Fu. The force A a, transmitted to F where it is Ft, is the other com- 
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ponent of Fu, which at B becomes Bg, there being resolved into Bi and Bh. The 
result then is that Af^ the original component of Ad to be transmitted * to B^ becomes 
by this mode of transmission B w acting horizontally, and B h acting vertically. But 
B w, the horizontal force that reaches J?, should be equal to e/, the horizontal force to 
be transmitted, which it is ; and B h should be equal to J. e, which is likewise the case.^ 
We may therefore conclude that the transmission of forces has been correctly indicated. 
A simple inspection at once gives the strains on all the parts of the combination. 



Strains of JEktension 



on A C is 

on AE is 

on E B is 

on -^ -P is 

on F B is 



An or Cp 
Ab or Em 
Ec or Iw 
A a or Ft 
Fu or Bg 



Strains of Compression 

on E F is tJs or Fv 

The tendency to pull out the supporting point B is equal to Af the horizontal 
component beig B w, and the vertical component B h. At the point it is J. n or Cp^ 
with the horizontal component Or, and the vertical component Co. Bw and Cr are 
equal. 

Fio. 8. 




In the combination, in Figure 8, it is evident that there is still no change in the 
proportions of the weight transmitted to the two abutments. The only eflfect of the 
combination is to change the details of the transmission. We see that as before B w, 
the horizontal component that travels to B, is equal to ef the amount that should have 
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gone there, and that the vertical component Bh is equal to Ae. By examining the 
figure carefully we find the following strains on the different parts : 

drains of Extermon 





on AE 


is 


Ab 




on EO 


is 


Ec 




on FG 


is 


Fu — Ab 




on 61 


is 


2Ec 




on HI 


is 


Fu = Ab 




on IB 


is 


SEc 




on KB 


is 


Bg — Fu=Ab 




on AF 


is 


Aa 




on FH 


is 


Aa-Ft 




on HK 


is 


Aa-2Fi 




on point K 


is 


Aa-SFt — 


Hot. strain 


on point B 


is 


4:Ec=Bw=ef 


Vert " 


c< « 


is 


Bh = Ae 


TotAl " 


«< « 


is 


^f 




on AC 


is 


An—Gp 




on point G 


is 


An=Gp 




J^rains of Compression 




on EF 


is 


Fv = Ae 




on 05^ 


is 


Fv — Ae 




on /JT 


is 


Fv=Ae 



We observe that the strains in the segments of the Upper Chord accumulate towards 
J?, while those in the segments of the Lower Chord decrease toward the point K, on 
which there is no force acting. In practical construction, however, there would be a 
shearing strain on the pin, or other similar part used at this point to connect together 
the post, chord, and tie. This is one of those cases in which a force theoretically 
neutralized must nevertheless be considered by the bridge-builder, on account of the 
necessity of using pins or other joining members to connect together the main members 
through which come the strains that neutralize each other. It is a mechanical necessity 
whose value can be accurately determined. 

With the combination shown in Figure 8, we see that the due proportions of the 
weight have been carried to the abutments ; but that, besides having to sustain the 
vertical pressure of these weights, the abutments have to resist horizontal forces tending 
to overturn them. The discussion has shown us that whatever the amoimt of the weight, 
and whatsoever its location on the truss, the horizontal forces developed are equal and 
contrary. This at once suggests the idea of making these equal and opposite forces 
neutralize each other, thereby relieving the supports from all horizontal strain. 
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If, therefore, we cast loose from B and (7, as far as resistance to horizontal strains 
is concerned, and insert a strut between E and (7, it is evident that the horizontal forces 
in the Top Chord will accumulate towards JE^ the new point of resistance, instead of 
towards B^ which is now free ; and the opposite horizontal forces will neutralize each 
other through E C. We thus obtain 

Fio. 9. 




We readily see that the only change caused in the character of the strains developed 
is to make all the strains in the segments of the Top Chord strains of compression, 
instead of strains of extension, and to cause the strains to accumulate towards L instead 
of towards B. Neither the amount nor the character of the other strains is affected by 
the change. 

The new strains on the Top Chord are : 



on B I a strain of compression equal to B i. 

on IG " " " 2Bi. 

on GE " " " 3^1. 

on E C " " " 4cB i 



= Cr =: nl = ef. 



If, now, the intermediate parts K G, HE, F L, and J. X be inserted, it is manifest 
that, whatever may be the initial strains, the weight is resolved into two components, 
A n and Af. As the truss should be symmetrical, we will make the new inclined parts 
ties, and the vertical part a post. We find the first decomposition at A necessarily 
unchanged. At E, Em will naturally be resolved into Ec and Es, components in the 
direction of the nearest members that can support the strain. The ties will not sustain 
a compressive strain ; and if such a strain should, from any defect of a joint, come on a 
tie, it will necessarily yield until the post comes into play. A brace cannot be compressed 
from one end and extended from the other, as the coexistence of the two cases requires 
the fixedness of the two ends, and, at the same time, their freedom ; which is impossible. 

Exactly how it is that the weight at once resolves itself into the proper proportions 
for transmission to the points of support, sending to each abutment exactly the amount, 
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measured horizontally and vertically, that should go there, is not definitely known. That 
such is ultimately the case, both theory and experiment prove ; but what preliminary and 
almost instantaneous adjustments are undergone before the division is effected, is not 
clear ; nor, indeed, is it essential that we should know. 

The following Figures show the changes in the resolutions of a given weight caused 
by varying the distance to one of the abutments : 



Fio. 10. 
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FiG. 13. 




Figure 10 needs no explanation. 

In discussing Figure 11, let us see if we cannot corroborate our previous conclusions, 
and prove, by a different course of reasoning, that the weight at A must be resolved 
along the tie A and the theoretical line A B. 

Suppose that the weight is at once resolved into components along the prolongations 
oi AC and J. ^, as indicated by the dotted lines. The parallelogram of forces at A 
shows at once that these components are equal in themselves, and in their horizontal 
and vertical components. Neither component develops any tension at J., as they are 
transmitted at once to C and jK At E^ horizontal and vertical components are developed 
equal to those at (7. But E being an unsupported point, the vertical component develops 
horizontal and vertical components at F, and the vertical component at F develops 
horizontal and vertical components at B equal to those first obtained at E. We thus 
have on JF (7 a compression from left to right equal to double the compression from right 
to left. The excess of compression from the left must be sustained by the abutment (7, 
or motion will take place. Moreover, we find B sustaining the same vertical weight as 
(7, and we find at F a horizontal force acting to the left that is resisted by nothing, and 
that will also cause motion. Both theory and practice show that our conclusions are 
absurd, and that we have evidently incorrectly resolved the original weight. We know 
that B should sustain only one-third the original weight, and therefore that the vertical 
component of the portion of the weight transmitted to B should be one-half the vertical 
component of the weight transmitted to C. .. Also,' the portion of the weight that goes to 
B must develop a tension at -4. to neutralize the tension that will necessarily be developed 
at F. And, in addition, in order to prevent motion in the Top Chord, the force that 
goes up J. JF must be of such magnitude that its horizontal component shall be one-half 
of the horizontal component of the force that goes up J. (7 as the former is doubled 
by the compression from B. None of these conditions being fulfilled by the resolution 
just made, we therefore see that it must be erroneous. 
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From the necessary conditions just indicated we can now determine the proper line 
of resolution for the component to the left. Laying oS Ae equal to one-third of the 
weight A d, and A I equal to two-thirds of A d, we evidently have the vertical com- 
ponents of the two parts of the original weight, the smaller being the portion that is to 
go to B. Drawing the horizontal line In through /, until it meets C A produced, we get 
An, the true strain that goes to (J. Through e draw the horizontal line 6/, making it 
equal to ?w, and produce EA until it meets ef. In the similar triangles A In and A eh, 
Ae is one-half of Al, and therefore e J is one-half of In, and e/is bisected at b. Com- 
pleting the parallelogram Aafb we get Aa=:bf=eb. The line Af fulfils all the 
conditions which we have seen, d priori, to be necessary as the line of resolution for the 
component that goes to the left The sum of the two compressions which it gives in 
the Top Chord is J?c + 5 1 = 2 6 5 = e/= / w / the tension it develops at F iaFi:=Aa, 
the two neutralizing each other ; and A e, the portion of the weight which it transmits to 
Bj is one-half of J. Z, as it should be. This line Af passes through B, because ALE 
and Aeb being similar triangles with parallel sides, ALB and A ef must be so also ; Af 
is therefore parallel Uy AB, and as they meet in A they must be one and the same line. 

Comparing together Figures 10, 11, 12, and 13, we obtain the following con- 
clusions for symmetrical trusses of this character, sustaining a weight not at the middle 
point. 

For the same weight the further we remove one of the points of support, leav- 
ing the other unchanged, the greater the portion of the weight borne by the unmoved 
abutment, the greater the strain on the Tie connecting it with the weight, and the 
greater the horizontal force of compression on the Top Chord at the abutment end of 
this tie. 

Also, on the other side, we see that each Post is compressed by a force exactly equal 
to the portion of the weight originally to be transmitted, and that each Tie has the same 
strain of extension, and develops the same force of compression on its own segment of 
the Top Chord. These compressions are equal to each other, and their sum is equal to 
the entire horizontal component that originally required transmission to the left, and it 
neutralizes the horizontal force developed on the right. On the Bottom Chord we see that 
the greatest tension is equal to either horizontal component of the weight diminished by 
one of the top compressions (efts=6m), and that the tensions diminish toward the further 
abutment, and at the foot of the last Tie become 0, thereby showing that all the hori- 
zontal forces developed in the process of transmitting the portions of the weight to each 
abutment, neutralize each other through the horizontal members of the truss, leaving no 
unneutralized force to cause motion. We also see that the weights are transmitted only 
by the vertical or inclined parts, the horizontal parts being only used for the necessary 



decompositions required to 
vice versa. 
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the weights from inclined to vertical members, and 

Fio. 14. 




There is a class of so-called trusses, distinct from all others, that are more properly 
trussed girders. Figure 14 represents one of the class which we will hare to discuss in 
detail further on. It is manifest that, there being but two members meeting at A, the 
component parta of the weight must pass up those two. As they make equal angles 
with each other, the weight is halved. So far C has received but half the weight, when 
the relative distances from ^ to ^ and C show that it should receive three-fourths. The 
component at J^ is resolved vertically and horizontally. The vertical component trans- 
mitted to -^is resolved into Ft, that goes to increase the forces at C; and into /'«, that 
goes to B. An examination of the figure will show that, as before, the horizontal forces 
developed in the Top Chord are equal and opposite, while the vertical forces at the abut- 
ments are inversely proportional to the distances of the weight from those abutments. 
In this combination there is no Bottom Chord, and the principle of the counter-balancing 
of equal weights is inapplicable. The necessity of equalizing the horizontal forces in the 
Lower Chord, which appeared in the other combinations, does not hold in this truss, and 
hence the resolution is much simpler. 

Fig. la 

B' E . G . , T C 
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In Figure 15 the points B' and C, through which we draw the hnes from A, along 
which the weight is to be resolved, have no physical existence. This, however, does not 
aflfect the principle of the resolution, for it takes place along A B' and J. (? as if the Top 
Chord extended to B" and O. We might at first imagine that the resolution would take 
place along A I and A JS^ but we know beforehand that one third of the weight goes to 
J?, and two-thirds to (7, which division is accomplished by the resolution along A B' and 
A (7, while the resolution along A E and A I would send one-fourth of the weight to B 
and three-fourths to — a manifest mistake. 

Exira Strains. 

In iron bridges of any length it is impracticable to cast the entire Top Chord in one 
piece ; it must be made up of segments, and a convenient and natural mode of division 
is to make each segment the length of a panel. The Ties, Posts, and segments of the 
Top Chord for each panel meet in a common point It is of the greatest importance to 
keep the points of contact of the segments of the Top Chord in the same horizontal line. 
If the Unes connecting the points of contact, which are the lines of direction of the forces 
acting on the segments of the Top, are not portions of the same right line, they must 
develop upward or downward components at their points of meeting. 

These points of meeting of the segments ought to be identical with the centres 
of their ends, but from various causes they may be eccentric. Imperfections in 
workmanship, the ends not being truly faced perpendicular to the axes, may cause the 
centre of pressure to be above or below the centre of figure of the end, or this eccen- 
tricity may arise from defective adjustment of the bridge, causing sagging in some places 
and a tendency to rise in others. 

In most bridges these possible extra strains will be found to give but a small increase 
in some of the maxima strains as calculated without them, and this discussion might 
safely be omitted were it not for the Fink and Bollman bridges, especially the latter. 
Experience has shown that in it certain Posts and Panel Ties are absolutely required upon 
which no direct strains (excepting the weight of the Top segment) can be found. The 
strains that necessitate the Panel Ties of this bridge, and that fix the dimensions of both 
Posts and Ties, must be the extra strains which have been indicated. In order, therefore, 
to make a fair comparison between the seven bridges selected we have been compelled to 
allow for these additional strains in them all. 

In most trusses each segment of the Top has a different strain from its neighbor. 
The difference arises from the fact that in each panel additional strains are brought up 
by the Ties. Whenever we discuss such a truss we will always choose for the strain at any 
joint the lesser of the strains on the segments that form ttiis joint, as that is the force 
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with which the segment with the greater rtram is poshed, and hence an j tendency to 
divergence must be referred to this foree that acts to cause it The ends of the Top Chord 
being free, and the line connecting them being (he line of the Chords it is manifest that 
no extra strains are to be provided for at these points. 

The eflEEMTt of a divergence froiii the line of the Chord will be to develop an upward 
m downward tendency at any joint equal to the force of compression in the segment 
furthest from the centre of compression multiplied by the tangent of the angle between 
the axis of the segment and the line of direction of the compression acting through it. 
The greatest value that can be given to this tangent is equal to the radius of the end of 
the segment. 

In allowing for this extra strain in the bridges which we intend examining, we will 
have to assume that the external diameters of all Top Chords are equal, a difference in 
strain being met by a difference m thickness, and that the panel lengths are the same in 
alL This uniform radius we will take at 9" for a 200-foot span, the panel length being 

12' 6'^ Then in the triangle represented in Rg. 16, we find 

12'Bf'^^mo^ that the third side is equal to ISO^'.S. But the hypothenuse 

f''^ represents the compression on the segment of the Top. The 

downward tendency in. this case would evidently be equal to 
9 divided by 150.3, or ^^ x t^^ compression on the segment. 

Whenever, therefore, this extra strain that may arise would increase the total 
amount of strain we must add it to the maximum direct strain, and provide for it as for 
the regular strain. 
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HODQKINSON'S EXPERIMENTS ON CAST-IRON PILLARS. 

In order to make estimates of the quantity of iron needed in the bridges which we 
propose to examine, it is necessary to adopt some formulas for the strength of cast and 
of wrought iron. As the latter is only used for tension in the bridges which we have 
selected, and as its strength to resist tension is universally acknowledged to vary as its 
minimum cross-section, the formula for wrought-iron becomes simple enough. With 
cast-iron it is different. 

After much theoretical investigation, Mr. Eaton Hodgkinson determined to ascertain 
from experiment the actual breaking weight of pillars and beams of cast-iron, varying 
the conditions so as to determine the law of the strength^ if possible. We are only 
concerned, however, with his experiments on the resistances of pillars. The Posts and 
Struts of an iron bridge, and the segments of the Top Chord, are subjected to the same 
strains as Hodgkinson's pillars, and, therefore, our calculations must be based on the 
results of those experiments. 

In seeking for the law of the strength of pillars, Hodgkinson confined himself to one 
variety of iron, assuming that the strength of any other variety might be determined at 
once by suitably modifying a constant coefficient. He chose for his experiments the iron 
known as "Low Moor No. 3," on account of its general uniformity of strength. He 
experimented on solid and oh hollow pillars, concluding that the strength of a hollow 
pillar was equal to the difference between the strengths of two solid pillars of the given 
length, having for their diameters the external and the internal diameters of the given 
hollow pillar. It is proper to add, however, that he uses a smaller numerical coefficient 
for the hollow than for the solid pillar. 

We will first examine the experiments on solid pillars, though in applying the 
formulas to actual bridge calculation we will use those for hollow pillars, as the saving of 
metal in hollow over solid pillars of equal length has caused them to be generally adopted 
in bridges. 

Mr. Hodgkinson tested two classes of solid pillars, one with ends hinged or rounded, 
and the other with ends flat. For the Posts of bridges we must obviously use the formula 
for round-end pillars, and the same formula seems to be the most convenient one for the 
segments of the Top. It is impossible to reproduce in the Top Chord of a bridge the 
conditions of perfect immobility, and certainty of the forces acting through the axis, that 
existed in the flat-end pillars on which Hodgkinson experimented. A reference to the 
report of his experiments, with a glance at the drawings of the testing machines, shows 
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this conclusively. But he found that when a flat-end pillar is subjected to slight 
movements, and when the line of direction of the strain does not coincide exactly witl: 
its axis, its strength is about one-third of what it is when the ends are fast. But the 
strength of round-end pillars is also about one-third that of immovable flat-end ones. 
Hence we may either calculate the strength of the top segments from the flat-end formula, 
and divide by three, or we may use the round-end formula. For our present purpose it 
is simpler to use but one formula for cast-iron, and, therefore, we use the formula for 
round-ended pillars. 

In reference to the shape of the formula itself something should be said. The 
number of experiments on long pillars with round ends (taking the mean results only for 
the same length and diameter) was but fifteen— a number disproportionately small on 
which to base the innumerable cases of the use of cast-iron pillars in bridge-building, 
architecture, etc. ; and yet these are the only reliable published data that we have. From 
them Hodgkinson and Gordon deduced the formulas for the breaking weights of pillars 
that are in common use. 

Hodgkinson's formula for the breaking weight of a solid pillar with flat 6n&, whose 
length is not less than 30 times its diameter, is 

W= 98922 ~. 

For a pillar wUh rounded ends, whose length is not less than 15 times its diameter, 
he has 

in both of which 

TF=s the breaking weight in pounds; 
d = the diameter in inches ; 
I = the length in feet. 

For a short pillar, whose length in diameters is less than 30 and 15 respectively, he 

has the supplementary formula, 

be 

y =T^fjc' 

in which 

y = the actual breaking weight in pounds; 

b = the breaking weight in pounds^ as given by one of the preceding formnlas; 

c =^ the crashing weight per cross-section^ assumed at 109,801 lbs. per sqaare inch. 

As we shall have frequent occasion to use this supplementary formula, especially 
in getting the breaking weights of top segments, which often come under the class of 
" short " pillars, it will be convenient to combine it at once with the flat and round end 
formulas for '*long" pillars, and thus obtain but a single formula for ** short" pillars of 
either class. 



W= 33379 ^^ , 
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In the supplementary formula 

c = 109801 X cross-section. 

Hence, for flcU ends, 

b =98922%— 

c=109801Xi^^ 
And we get in the formula 

98922 X-^ X 109801 X \^^ 
y= ^ 



98922 X ^ -H X 109801 X l^d* 
kn X 109801X^ 

y= 



(f" 3 TT X 109801 
l"' + 16 X 08922 



__ I TT X 100801 X<^ _ 86237.5 d* 

, 3TrX 109801 yZ^'^ 1 4- 6*5383 V ^'' 
^ + 16 X 98922 ^5^ l + 0.65383X;jn 



Similarly, for short round-end pillars, 

_ i TT X 109801 X <^ ^ 86237.5 (^ 

y- 3Tr X 109801 ^;^ 14-193769-^ 
^ + 16X33379 ^5^ ^ + 1. JiiTbJ ^^„ 

In using these two formulas, we will substitute W for y to make them conform 
better with the others. 

For HOLLOW flat- end pillars Hodgkinson gives 

TF= 99318 ^, 
And for hollow round-end pillars 

Tr= 29074 ^^, 

In each case, excepting only a slight change in the value of the numerical coefficient, 
he makes the strength of a hollow pillar equal to the difference between the strengths of 
two solid pillars of the same length, and whose diameters are respectively equal to the 
external and internal diameters of the hollow pillar. 

Making the necessary modifications due to the changed coefficients, in the formulas 
for short lengths, we get 

For flat ends, less than 30 diameters long, 



1 + 0.651223 -i^ 1 + 0.651223135^ 



And for round ends, less than 15 diameters long, 

»r= 86237.5 ' 



1+ 2.2246 



-— 1 4- 2.2246— I 



I 
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These formulas are collected together elsewhere. 

Gordon's formula (slightly transformed) for a solid cylindrical pillar xoithflat ends is 

8000000 7rci« 25132741 <? 



W= 



400+^ 400 + ^ 



And for one with rounded ends is 

2000000 TT^ 6283185 d" 



W= 



100+-J- 100+^' 



ci» — ' d» 



In which W =- the breaking weight in pounds. 
d = the diameter in inches. 
I = the length in inches. 

Gordon has but one formula for each kind of solid pillar, and his lengths and 
diameters are referred to the same unit. Hodgkinson takes his lengths in feet and his 
diameters in inches, and uses a supplementary formula for short pillars. 

Gordon's formula appears to be an adaptation for engineers who are not familiar 
with the use of logarithms. This makes it inconvenient for use in the investigations 
necessary for the discussions that follow, and Hodgkinson's formula has therefore received 
the preference. Moreover, the formula of the latter is in form more in agreement with 
what theory would indicate d^ priori as the probable shape of the formula — the breaking 
weights varying directly as some power of the diameter, and inversely as some power of 
the length. For round-end pillars (with which we are particularly concerned) it gives 
results nearer those found by actual trial than Gordon's formula. This can readily be 
seen in the tables that follow, in which the breaking weights determined by experiment 
have been compared with those given by the formulas, and also by examining the curves 
constructed in the plates. Neither formula exactly reproduces the experiments, Gordon's 
always giving for round-end pillars less than the true breaking weight. The difficulty of 
determining an accurate formula comes from the fact that the experimenis are too few in 
number to determine a law, merely sufficing to indicate the existence of one. 

On the accompanying diagrams all of the experiments on both long and short pillars 
are recorded. Assuming three axes of co-ordinates, and laying oflF the lengths on the 
axis of X, the diameters on the axis of T, and the breaking weights on the verticals at 
their intersections, we obtain by connecting the tops of these verticals a surface whose 
equation will always give us «, the breaking weight, for any values of x and y. This sur- 
face meets the plane of reference in the axis X 

We know that when the lengths are very small the pillar is destroyed by crushing 
without flexure, and that the weights are proportional to the cross-sections, or to the 
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squares of the diameters. Hence the curve cut out of the surface by the plane T Z has 
an equation of the form 

The experiments which determined this form of equation, and the value of the con- 
stant A, were all made on small pillars with flat ends. Our experiments are not 
sufficiently numerous to enable us to decide positively ; but we may fairly assume that 
for very short pillars the breaking weights are the same whether the ends be flat or 
round. In comparing the experiments we find that for ** long" pillars of the same length 
and diameter the flat-ended will sustain thrice the load of the round-ended. As we 
diminish the lengths the ratio between the strengths of the two kinds of pillars becomes 
less than 3, then 2, then less than 2, and our last experiments on a pillar 0.5 inch in 
diameter 3.78 inches long gave 17468 as the breaking weight of the flat-ended, and 
15107 as that of the round-ended. We may therefore conclude that for still smaller 
lengths the shape of the ends does not afibct the breaking weight. 

Writing z for W^ and giving A its experimental value, we have 

z = 109801 X i tr t/«= 86237.6 y« 
2^^86237.5^ 

This is the equation of a parabola passing through A, the origin of co-ordinates, of 
which the axis Z is the axis, and ^^^37 5 is ^^ parameter of the axis. 

This parabola could be described from its equation, but as we have difierent scales for 
diameters and breaking weights, the equation would require transformation before the 
parabola could be constructed graphically. It will be sufficiently accurate if we construct 
it by points. Solving the equation for difierent values of y we obtain 
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0.026 


64 


0.8 


7761 


0.66 


36436 


1.29 


143608 


0.06 


216 


36 


10564 


0.7 


42256 


1.296 


144622 


0.076 


486 


0.4 


13798 


0.76 


49811 


1.62 


199243 


0.1 


862 


0.46 


17463 


0.767 


60733 


1.636 


203196 


0.126 


1347 


0.497 


21301 


0.77 


61130 


1.766 


268649 


0.16 


1940 


0.6 


21669 


0.99 


84621 


1.78 


273236 


0.2 


8460 


0.66 


26087 


1.01 


87971 


1.94 


824663 


0.26 


6390 


0.6 


31046 


1.2 


124182 


1.96 


831290 



By which we plat the curve. 
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Our data seem insufficient to determine with any accuracy more than one cross- 
section of the surface — ^that made by a plane parallel to FZ, and at a distance from the 
origin of 60.5 inches. Constructing the points of this section from the actual breaking 
weights, and connecting them by right lines, we find that they roughly outline a curve. 
Drawing this curve by the eye, we obtain one of the cross-sections of the surface whose 
equation we are seeking. In attempting to calculate the equation of this curve, we must 
take the ordinates given by the drawing, some of which are necessarily a little diflFerent 
from the values as ^ven by the experiments. Bearing in mind the many extraneous 
causes that may operate to injure a casting, but knowing that there must be some law 
for the strength of cast-iron pillars, we may safely assume that our corrected breaking 
weights for the round-end pillars are as nearly right as we can make them with our 
present limited supply of facts. The most correct way to get the equation of this curve 
is probably by the formulas for interpolation. The work, however, is very long and 
tedious, and arithmetical errors can scarcely be avoided. We have twice gone through with 
the whole calculation, and each time have obtained an unsatisfactory result. The experi- 
ments on flat-end pillars of 60i inches in length are so few as to prevent much discussion. 

Curves cut out by planes parallel to the plane XZ have their maxima ordinates at 
their points of intersection with the curve cut out by the plane FZ, the ordinates 
decreasing as the curve recedes from FZ, until for great values of / the ordinates 
become 0, and the curve attains the horizontal plane X F— or, in other words, the pillar 
breaks imder its own weight. In most pillars the weight of the pillar itself need not be 
taken into account, and TT represents the extraneous weight that crushes it. When the 
pillar is so long that its own weight is great in proportion to its breaking weight, we 
must consider W as composed of the weight of the pillar itself above the expected point 
of fracture, and of the outside weight laid on it. If then we calculate W from the 
formula, and subtract a part of the weight of the pillar, depending upon the position of 
the point which we select as that of fracture, we will get the weight that laid on the 
pillar at its upper end, will just break it. It is evident that for some lengths the weight 
of the pillar will be so great that when the proper portion is subtracted from W there will 
be a remainder equal to or less than ; the pillar then will not stand under its own weight 

The horizontal contour lines of the surface can be determined by finding the points 
of equal breaking weights on the curves of section of each length, and connecting them. 
We can see that they are curved lines, close together as they start from the plane FZ, 
and gradually diverging as they recede from this plane. As x (or T) increases, the 
tangents to the contour lines become more and more nearly parallel to the axis of X 

If enough additional experiments were made to give a fair number of cross-sections 
of the surface, so that we could draw the contour lines with some degree of accuracy, it 
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would not be absolutely necessary to determine the equation of the surface, as the 
breaking weight for every value of a? and y could be readily determined by simple inspec- 
tion. Some experiments should be made on pillars more near in size to those actually 
used than were those on which Hodgkinson experimented. The length of his longest 
pillar was only 5 feet. 

By comparing the results for round-end pillars 60.5 inches long as obtained by 
experiment, and by Hodgkinson's formula, we find that the greater the diameter, and 
therefore the nearer that the ratio between it and the length approaches to 30, the more 
the results vary ; those given by the formula being in excess of the actual breaking 
weights. Either the co-efficient is too great or the power of the diameter. A similar 
state of afifairs holds with regard to the experimental curve for lengths of thirty and a 
quarter inches. The curves from the formula and the experimental curves agree very well 
for the smaller values of (Z, but in each case the curve from the formula passes above that 
from experiment as the value of d increases. Gordon's formula gives a curve that passes 
below in both cases. It seems quite probable that a further investigation would give 
some formula that would more nearly reproduce the experiments than the two which 
we have j but the matter is rather incidental to the present subject, having been only 
undertaken to show the value of our present formulas for the strength of cast-iron. To 
determine a new and more exact formula may be the subject of a subsequent investiga- 
tion, but it cannot be commenced now. ^ 

The exponent of d can hardly be constant, for we have just shown that when /=z= 
(? equals 2, and when /=:60.5 flJ = 3.76, or thereabouts, for round-end pillars, and 3.55 
for flat-end ones. In both cases the change from 2 to 3.76, or 3.55, must be gradual, as 
there can be no abrupt break in the surface upon which are found all the values of W. 
It is hardly probable that the value of t?for?= 60.5 would be its maximum. Moreover, 
the fact that Hodgkinson's formula gives greater values than experiment does for the 
breaking weight when d is large, I being 6O3 inches, would seem to show that the expo- 
nent of d should decrease for a given length of pillar, as d itself increases. Or this 
decrease may come from the coefficient which may be a decreasing function of d. These, 
however, are only suggestions to assist future inquiry. 

The entire discussion shows that there is a great insufficiency of reliable experiments 
on this point, and also that while much remains to be done to perfect our knowledge, it 
is yet possible with the means at hand to obtain more accurate formulas than either 
Hodgkinson's or Gordon's. Nevertheless, wlule awaiting the future formula, we will 
adopt those of Hodgkinson as having the greatest amount of public confidence. 

The breaking weights as obtained from experiment, and by calculation, for both kinds 
of pillars, are tabulated in the following : 
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Solid Pillars with Flat Ends. 



Long Pillars. 





Length 

hi 
Inches. 


Diameter 

in 
Inches. 


1 

Espcrimontal 
Breaking 
Weights. 


Breaking 

Weights 

as given by 

UodgkinsoQ's 

Formula. 




Breaking 

Woighta 

as given by 

Gordon's 

Formula. 


: 

Bdf^bihcb. 


Length 

In 
Diomot's. 


From 

Experimental 

Breaking 

Weight. 


In 

per 

Omt. 


From 

Experimental 

Breaking 

Weight. 


In 
per 
Cent. 


33 


60.6 


1.80 


• • • • 


60949 


• . • • 


% • • a 


63232 


a a . a 


• a « • 


36 


60.6 


1.70 


• • • • 


41592 


• • • • 


• • • . 


43584 


a a a a 


a a a • 


88 


60.6 


1.60 


• • • • 


33538 


. • • t 


• a a * 


35162 


• a a a 


• • a • 


89 


60.5 


1.66 


28962 


30656 


+1694 


+6 


32122 


+3160 


4-11 


40 


60.5 


1.60 


• • • . 


26671 


• . • a 


m • • • 


27901 


• • • a 


a a a • 


43 


60.6 


1.40 


• . • • 


20877 


• • • a 


9 m • • 


21725 


• a a • 


» • • • 


47 


60.6 


1.29 


16064 


15614 


-450 


-3 


16089 


+26 


-H 


60 


60.6 


1.20 


• . • . 


12078 


• • • • 


• • • a 


12302 


... a 


a • a a 


66 


60.6 


1.10 


• • • . 


8869 


■ • • a 


• a a a 


8879 


• • • a 


a a a • 


61 


60.6 


1.00 


• • • • 


6323 


a • • a 


9 % 9 % 


6190 


. • a ■ 


. • • . 


61 


60.6 


0.997 


6238 


6266 


+18 


+i 


6120 


-118 


-2 


67 


60.6 


0.90 


• . • • 


4350 


• . • • 


• • • • 


4139 


• • • • 


• • a a 


78 


60.6 


0.80 


. • . • 


2863 


.... 


• • • • 


2629 


a a • • 


■ a a a 


79 


60.5 


0.77 


2456 


2500 


+44 


+2 


2267 


-189 


-8 


86 


60.6 


0.70 


• • • • 


1782 


• • • • 


• • • • 


1565 


a a a • 


• • • • 


101 


60.6 


0.60 


• • • • 


1031 


• • • • 


• • • • 


856 


• • • 9 


• • • % 


119 


60.6 


0.51 


487 


579 


+92 


+19 


452 


-36 


-7 


80 


80.26 


1.01 


20310 


21282 


+972 


+5 


19767 


-643 


-8 


80 


30.25 


1.00 


• • a • 


20543 


• . a • 


a » m • 


19112 


a a a a 


... a 


84 


80.26 


0.90 


a . • • 


14133 


• • a a 


a a a a 


13308 


• • • • 


• a • • 


38 


30.26 


0.80 


. • • ■ 


9303 


• m • t 


a a . a 


8791 


• • 9 • 


a a a • 


89 


80.25 


0.77 


8811 


8123 


-688 


-8 


7668 


-1143 


-18 


43 


30.25 


0.70 


. a • • 


5791 


» » m • 


m • » • 


6431 


9 • • m 


• • » m 


60 


30.26 


0.60 


. . • • 


3350 


.... 


a • a a 


3076 


a a a a 


a a a a 


61 


30.26 


0.60 


1662 


1754 


+92 


+6 


1648 


-114 


-7 


40 


20.1666 


0.51 


3830. 


8749 


-81 


-2 


3329 


-601 


-18 


80 


16.125 


. 0.51 


6764 


6114 


-650 


-10 


6109 


-1655 


-26 
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Solid Pillars with Flat Ends — Coniinued. 



• 








Short PiUara. 












Langtb 

In 
InohM. 


DUtmeter 

In 
iDOhef. 


BrMking 
Weight. 


Breaking 

Weight 

M given bj 

Hodgicinson'B 

Formula. 


DonuMCB. 


Breaking 

Weight 

ai given by 

Oordon'a 

Ibrmnla. 


BullUMOiL 


Lnfth 

In 
Diunell. 


From 

Experimental 

Breaking 

Weight. 


In 

per 

Cent. 


Kiiterlmentat 
Breaking 
Weight. 


In 

per 

Ont. 


20 


30.26 


1.60 




72418 






70099 






22 , 


80.25 


1.40 




68916 






66825 






23 


80.25 


1.30 




47068 






46116 






25 


30.25 


1.20 




86813 






84962 






28 


30.25 


1.10 




28080 






26301 






20 


20.1666 


1.022 


81804 


*36631 


+3827 


+12 


83255 


+1451 


+5 


26 


20.1666 


0.777 


15581 


♦16604 


+23 


++ 


14133 


-1448 


-9 


15 


15.125 


1.00 


40250 


*43797 


+3647 


+9 


43206 


+2955 


+7 


20 


15.125 


0.776 


21509 


*21241 


-268 


-1 


19331 


-2178 


-10 


15 


12.1 


0.785 


24287 


♦27043 


+2756 


+11 


24291 


+4 


1 J 


1 <<roo 


24 


12.1 


0.50 


7195 


*7328 


+133 


+2 


6375 


-820 


-11 


13 


10.0833 


0.768 


25923 


*29363 


+3440 


+13 


25899 


-24 


•nAm 


20 


10.0833 


0.60 


8931 


*8872 


-69 


-1 


7789 


-1142 


-18 


10 


7.6625 


0.777 


82007 


*36130 


+4123 


+13 


30737 


-1270 


-4 


15 


7.6625 


0.50 


11255 


*11608 


+253 


+2 


9993 


-1262 


-11 


8 


8.7812 


0.60 


17468 


*16992 


-476 


-3 


13743 


-3725 


-21 


4 


2.0 


0.62 


22867 


21479 


-1388 


-6 


16384 


-6483 


-29 


2 


1.0 


0.52 


24616 


22720 


-1896 


-8 


16834 


-7782 


-33 



* These are Hodgldnson'B calonlations as giyen in his Report 
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Solid Pillars with Rounded Ends. 

Long PiUars. 





Length 

in 
Indiei. 


Diameter 

in 
Inches. 


Experimental 
Breaking 
Weight. 






Breaking 
kl Weights 
ig as given by 
^* Hodgkinson's 

Formoia. 




Breaking 

Weight 

as given by 

Gordon's 

Formoia. 




Length 

in 

Diamct's. 


Corrects 
Break ii 

Weighl 


From 

Experimental 

Breaking 

Weight. 


Id 

per 

Gent. 

• 


F^rom 

fiKperimental 

Breaking 

Weight. 


In 

per 

Cent. 


30 


00.5 


2.00 


. ■ • • 


. ■ • < 


28905 


• • • • 


• • • • 


24760 


• • • • 


■ • • • 


31 


60.5 


1.96 


24291 


23581 


) 26790 


+3210 


+14 


22927 


-653 


-8 


31 


60.5 


1.94 


22811 


• ■ • « 


25777 


+2966 


+13 


22053 


-758 


-3 


33 


60.5 


1.86 


• • • • 


• • • « 


21561 


• • • • 


• • • • 


18388 


• • • • 


• • • • 


34 


60.6 


1.78 


17564 


• • . « 


18650 


+1086 


+6 


15856 


-1708 


-10 


34 


60.5 


1.765 


15560 


1713( 


) 18066 


+936 


+5 


16352 


-1778 


-10 


36 


60.5 


1.70 


• ■ • • 


. • . • 


15689 


• • • • 


• • • • 


13288 


• • • • 


• • • • 


38 


60.5 


1.60 


• • • • 


• • • « 


12491 


• • . • 


■ . • • 


10516 


• • • • 


• • • • 


39 


60.6 


1.636 


10650 


• • ■ 1 


10687 


+37 


-K 


8964 


-1696 


-16 


40 


60.5 


1.62 


10861 


1032( 


) 10300 


-20 


-\ 


8618 


-1501 


-14 


40 


60.5 


1.60 


• • ■ • 


• • • « 


9799 


• • • • 


• • • • 


8187 


• • • • 


• • • • 


43 


60.6 


1.40 


• • • • 


• • • • 


7560 


• • • • 


• ■ • • 


6269 


• • • • 


■ • • • 


47 


60.6 


1.296 


6466 


566( 


) 5639 


-21 


-* 


4616 


-1044 


-18 


47 


60.6 


1.29 


6707 


657( 


) 6558 


-12 


-i 


4647 


-1023 


-18 


60 


60.5 


1.20 


• • • • 


• • • < 


4373 


• ■ • • 


• • • • 


3426 


• • • • 


• • • • 


65 


60.6 


1.10 


• • • • 






3053 


• • • • 


• • • • 


2433 


• • • • 


• • • • 


61 


60.6 


1.00 


• • • • 






2134 


■ • • • 


* • • • 


1671 


• • • • 


• • • • 


61 


60.5 


0.99 


1902 






2054 


+152 


+8 


1606 


-296 


-16 


67 


60.6 


0.90 


• ■ • • 






1436 


• • • • 


• • • • 


1102 


• • • • 


• ■ • • 


78 


60.5 


0.80 


• • • • 






922 


• • • • 


• • • • 


691 


• • • • 


• • • • 


79 


60.6 


0.77 


780 






799 


+19 


+2 


694 


-186 


-24 


121 


60.5 


0.60 


143 






168 


+15 


+10 


107 


-36 


-26 


15 


30.26 


2.00 


• • • • 






93912 


• • • • 


• • • • 


76446 


• • • • 


• • • • 


16 


30.25 


1.90 


• • • • 






77439 


• • • • 


• • • • 


64169 


• • • • 


• • • • 


17 


30.25 


1.80 


• • • ■ 






63194 


• • • • 


• • • • 


63232 


• • • • 


• • • • 


18 


30.25 


1.70 


• • • • 






50973 


• • • • 


• • • • 


43584 


• • • • 


• • • • 



* These " corrected** breaking weights are the ordinates of the curye of the experimental breaking weights as constracted 
on the diagram. 
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SouD Pillars with Rounded Ends — Continved. 

Long Pillars — Coniirmed. 



Leogth 

In 
Dtaunet's. 



19 

20 

22 

23 

25 

28 

30 

30 

84 

38 

39 

43 

60 

61 

20 

26 

15 

20 

80 



langtb 

in 
InebM, 



30.25 

30.25 

30.25 

30.25 

30.25 

30.25 

30.25 

30.25 

30.25 

30.25 

30.26 

30.25 

30.25 

30.25 

20.1666 

20.1666 

15.125 

15.125 

15.125 



Diameter 

In 

Inches. 






1.60 

1.52 

1.40 

1.29 

1.20 

1.10 

1.00 

0.99 

0.90 

0.80 

0.77 

0.70 

0.60 

0.50 

1.01 

0.767 

0.99 

0J6 

0.5 



Experimental 
Breaking 
Weight. 



Corrected 
Breaking 
Weight. 



32531 



• . • • 



17235 



6105 



• • . a 



2726 



639 

15737 

6602 

19752 

9223 

1904 



Breaking 

Weights 

aa given bj 

Hodgkinaon'a 

Formala. 



• • • • 



• • • • 



• • • • 



. • • a 



• • • • 



40583 

83464 

24563 

18058 

14209 

9919 

6932 

6675 

4664 

2996 

2595 

1813 

1016 

512 

14337 

6093 

21686 

8025 

1663 



From 

Experimental 

Breaking 

Weight. 



+933 



+823 



• • • 



-131 



—27 
-1400 
-1509 
+1934 
-1198 
-241 



b 
per 



+3 



+5 



• . . • 



+570 +9 



-5 



-5 
-9 
-23 
+10 
-13 
-13 



Breaking 

Weight 

as giren bj 

Gordon's 

Formula. 



35163 
29264 
21725 
16089 
12302 
8879 
6190 
5958 
4139 
2629 
2267 
1565 
856 
418 
12853 
4671 
18470 
7316 
1547 



IHrrKMSiM. 



From 

Experimental 

Breaking 

Weight. 



-3267 



• • • 



-1146 



-147 



-459 

a • • • 
• • . • 

-121 
-2884 
-1931 
-1282 
-1907 
-357 



per 
Cent. 



-10 



-7 



-2 



-17 



-23 
-19 
-29 
-6 
-21 
-19 



Short Pillars. 



13 


10.0833 


0.76 


17506 


• • • • 


14895 


-2611 


-16 


13148 


-4358 


-26 


10 


7.5625 


0.77 


22948 


• • • • 


21303 


-1645 


-7 


18962 


-3986 


-18 


16 


7.5625 


0.497 


6262 


• ■ • • 


5291 


+29 


+i 


4681 


-581 


-11 


8 


3.7812 


0.5 


15107 


• • • • 


11221 


-3886 


-25 


9993 


-6114 


-34 
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FORMULAS FOR OBTAINING THE VOLUME AND WEIGHT OP A WROUGHT- 

IRON TIE UNDER A TENSILE STRAIN. 

The strength of a wrought-iron tie under a strain of extension depends solely upon 
ite minimum cross-section, its length being immaterial. 

Assume a tie of a uniform cross-section of any shape whatever. 

Let its length in feet be I. 

Let its volume in cubic inches be V. 

Let it be imder the tensile force TT. 

Assuming that wrought-iron will just sustain a tensile force of 60,000 pounds per 
square inch, the number of square inches of section in the tie that sustains W is evi- 
dently g^. The length of the tie in inches is 12Z, and we, therefore, have for its 
volume, 



60000^^ 5000 



The weight of a cubic foot of wrought-iron is 480 pounds ; hence j^jg = the weight 
of a cubic inch of wrought-iron. Representing the weight of the tie by T, and multi- 
plying the number of cubic inches in the tie by the weight of a cubic inch, we have 

rp_ TTZX^O _ 40XH^^ 
5000 X 1728 5000 X 1^ 

Wl 



T= 



18000 



Which enables us to obtain directly the weight of a tie of known length that just breaks 
under a given strain. 

We see from this that wrought-iron ties under the same tensile force vary in weight 
as their lengths, and that ties of the same length vary in weight as the tensile forces that 
act on them. 
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FORMULAS FOR OBTAINING THE STRENGTH, VOLUME, AND WEIGHT OF 
A CAST-IRON PILLAR UNDER A STRAIN OF COMPRESSION. 

SOLID PILLARS ^ITH CIRCULAR SECTION AND ROUND ENDS. 

Long PiUar. 

Hodgkinsoii's formula for the strength of a solid cast-iron pillar with rounded ends 
and circular cross-section, whose length is not less than 15 times its diameter, and which 
is under a force of compression acting through its axis, is 

(1) Tr= 33379^ 

in which 

TFis the weight in pounds which will just crush the pillar, 

d the diameter of the pillar in inches, 

I is the length of the pillar in feet. 

The expression for the volume of the pillar in cubic inches is 

(2) F=j7r(PX12Z = 37r(Pt 



But from (1) we get 



(3)(r-«=v^^ 



33379 



Trr* \«^ 



33379) 

^^^^^'^^^ (,33379; =1,33379) 



Substituting this value of d* in (2) we get 
Reducing the constant terms, we have 

Log. 33379 = 4.5234733 
^^- (33579) =-^*765267 

Log. (3^)'"* = 6.4766267 -4- 1.88 =« 3:6938972 

Log. 3 =: 0.4771213 
Log, n = 0.4971499 

Log. 0.036997161 =. 2.6681684 
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And (7) becomes 

(8) F= 0.036997151 X W^ X ^ ^ 

in which 

ViB the number of cubic inches in the pillar, 
Wis the weight that just crushes the pillar, 
I is the length of the pillar in feet. 

The weight of a cubic foot of cast-iron is 450 pounds. The weight of a cubic inch 
of cast-iron is therefore ^ pounds. 

Multiplying the number of cubic inches in the pillar by ^, we get the weight of the 
pillar in pounds. Calling this P, we get 

(9) P = ^X 0.036997161 X W^ X ^^- 
17^o 

Reducing the constant terms, we get 






(10) P = 0.009634674 X ^^ ^ ' ***""• X ^ 

In which Log. 0.005634674 =1.9838371. 

From (10) we see 

1. When the weights to be sustained are equal, the weights of the pillars vary as the 
1.9 powers of their lengths, or nearly as the squares of the lengths. 

2. When the lengths of the pillars are equal, their weights vary as the 0.53 power of 
the weights to be sustained, or nearly as their square roots. 

A rough formula which would very nearly give the number of pounds of iron in a 
long roimd-end pillar would be 

(11) P=0MVWXP=^VW' 

In bridges the quantities generally given are the breaking strain W, and the length 
I ] and the quantity to be determined is the cross section or the diameter. 
Equation (4) is 

V33379/ 

which expresses the relation sought. 
It may be written 

(4/) log. d _ ^^g- ^ + ^'"^ ^Qg- ^ - ^Qg- ^^'^» 

— an equation which presents no difficulties. 
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SfhoHPiUar. 
The breaking weight of a short solid pillar with rounded ends is 



TF= 86237.5 ^ 



1 + 1.93709;^ 



from which we get 



86237.5 "" c^ '•+1.93769/'^ 
Wd}-'^ 1.93769 



«. 86237.5^86237.5 

(12) tP-T'-gg^g^lTcf «=g^237:5^^*' 

From which, by reducing the constants, we get 

(13) (f-^*- 0.0000115959 ITcf '• = 0.0000224692 WV'^ 

The value of d must be determined by trial. The first approximation will mani- 
festly be obtained by neglecting the second term, and assuming for d a value greater 
than that thus determined. 

To find the value of P, 

P being the weight of the pillar, and V its volume in cubic inches, we have as 
before 

whence 

1728 „ 



«P= 



450 X 3 w^ 
,_/_1728P_\« 

-„_ / 1728 P Y " / 1728 Y " P^ 

• ^ / 1728 YV^'" 
~\450X3''/ i^" 

Substituting in (12) we get 

nA\ /'_J!28_Y" V ^* ^ / 1728 \ ^y TrP'* _ 1.93769 ^-., 
^^V450X3ir/ '^ ^" 86237.5 \450X 3 w/ ^" ""86237.5 

whence, by a simple reduction,' 

(15) P*^* - 0.00002846057 Wl P*» = 0.00011909 WIT*. 

In this we get the approximate value of P by neglecting the second term, and after- 
wards increase the value of P so determined. 



\, 



i . 
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This equation may be written 

(16) P^(P-0.00002846057»r/) = 0.00011909 TT^, 

which is probably a more convenient form for approximations. 

SOLID PILLAR WITH dRGULAR SECTION AND FLAT ENDS. 

Long Pillar. 

The formula for the breaking weight is 

Pr= 9892251^ 

whence * 

~ V98922^ 

and 

(17) log. d=l°g-^-i-^-Tl^fr^-^og- 98922 

from which we can readily obtain d. 

To obtain P, 

We have, as before, 

whence 

But 
hence 

y Reducing the constants, we get 

(21) P = 0.0037644 X W^X^ 

which may be written logarithmically 

(22) log. P=-2M4mx'^-^^-^^^^ 

As 71 and 139 are prime numbers, it has been thought best not to reduce the 
exponent of ;. 

Short Pillar. 



The formula is 



Tr= 86237.6 '^' p 



l + 0.6BSaS^ 



I 
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From which we get 

(23) ^ ^ 



86237.5 d '•"+0.66383 1*-' 

^ ' 86237.5 ^86237.6 

(25) d "•- 0.0000115969 W d"" = 0.00000758173 Wr-' 

which can only be solved by trial. As before, the first approximation to the value of d 
will be found by neglecting the second term. 
To find P, 



We have 



1728 1728 



whence 



,_/ 1728P Y 
UsoxSffV 

di-- / 1728 Y "V /*" 
j*» _ / 1728 \""v -P"-" 



Substituting these in (26) we get 

(9R\ /_17^_Y"»y /»•"» W ( 1728 Y'^yf*^"' .65383 nrnj 
^^\450X3w^ ^'•'" 86237.5 \450 X 3 w; '^ r'» —86237.5 
wheDce 

/27Npi.n5__l / 450 X 3 7r \ ^ , p^^ _ / 450 X 3 7r\ ^-^'^ 0.G5383 ^j^«^» 

^^ 86237.5 V 1728 / V 1728 ) '^8623775 

Reducing the constants, we get 

(28) P'"*-0.00002846057 Wl P''™ =0.00003731742 TTP-*". 

Another equation that can only be solved by trial. This equation, like the similar 
one for short round-end pillars, may be written 

(29) P'"' (P-0.00002846067TF0 = 0.00003731742 PT?*" 

In either case of short pillars we may get P very readily, if d has been determined, 
from the equation 

(30) P = 2.45437 X<i'X^ 



HOLLOW PILLARS WITH CIRCULAR SECTION. 

In examining Table III of Hodgkinson's experiments on hollow cast-iron pillars 

with circular section, we find that all of the pillars were of the same length, but of 

different weights and thicknesses. Assuming the formula which he deduced as sufficiently 

6 
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correct, let us examine the experiments themselves with a view to ascertain which of the 
pillars sustained the greatest weight in proportion to the quantity of iron it contained. 
We find as follows. 



NO. or PILLAB. 


WEIGHT OF PILL&B. 


BBE&KING WBIOHT. 


BATIO TO WEIOHT OF PILLAB. 






14 
16 
13 


69.5 

77.75 
60.26 


40973 

50477 
26707 


688 
649 
531 



For all the other pillars the ratio of the breaking weight to the weight of the pillar 

was less than for the three given above. As the lengths of all the pillars were equal, we 

must conclude that in pillar No. 14 the material was used to the greatest advantage for 

obtaining the greatest sustaining power. It was apparently the best proportioned for 

sustaining the maximum weight with the minimum amount of material. In this pillar 

the exterior diameter was 3.36 inches, and the interior diameter 2.823. The diflFerence 

between these, or the double thickness, is 0.537 inches, and the thickness is 0.2685 

inches. Dividing the exterior diameter by the thickness we get 12.514 as their ratio. 
From this we conclude that as far as the experiments go they show that the most 

economical thickness for a hollow cast-iron pillar is a little less than one-twelfth of the 

exterior diameter. We will therefore assume that the best thickness for hollow cast-iron 

pillars is one-twelfth of the exterior diameter, and this thickness will be adopted in the 

calculations that follow. 



MODIFIED FOBMULAS FOR HOLLOW PILLARS (THICKNESS ^). 



The formula is 



Long, Rownd End. 



ir= 29074 



/ 



1.T 



in which D is the exterior diameter, and d the interior diameter. 

Assuming a thickness of one-twelfth, we have 

(31) i(Z^-d)=TV2> 
(32) d = ^D 
dP^"* = (^)» '• X Z>>^^«=0 . 5038233 JD^'^ 

Substituting this value of d^'^* in the formula we get 

(33) jr=29074^!::!=ii^?§233^ 



whence 



(34) IT =14425. 84 X^ 
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Short, Round End. 
Substituting ^D for d in the formula, we get 

(35) W= 86237.5 / ^ ^M^ 

+ 2.22461— 1 + 2.2246 




Which reduces to 

If 






(36) jr= 86237 



•5/ ^ ,■> - 

\l + 2.2246lj:5 1.. 




.44 -|- 4.41544 

(37) »F= 86237.5 Z)' / ?^ ^j^ i \ 

\1 + 2-2246^ 1.44 + 441544^1 j 



Long, Flat Mid. 
The formula is 

ns.M_ ji.«» 
Tr=99318 „, 

Substituting ^Bford we get 

(38) Tr= 99318 i)» •» *^^~iy"^ 
99318 [l-(f)"»]= 47326.25 



Whence 



(39) W= 47326.25 ~ 



Short, Flat End. 
The formula is 



Tr= 86237.5 / ^ jj.^ ^ _\ 

^1 + 0.651223^ l + 0.651223|ij 



Substituting \DioT d we get 

(40) Tr= 86237 



■ ^1+ 0.651223^ 1 + 0.651223^^^,^] 



which becomes 



(41) Tr== 86237 




'L \ 

^' 1 . 0.651223w i" I 



+o.mm-^ (|5-+"-Tji 

(42) PF== 86237.5 i)* 



^1 + 0.651223 J;;, 1.44 + 1.244007^1 
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HOLLOW PILLARS {thichiess -^ exterioT diameter.) 
To find Diameters and Weights. 

Long^ Round End. 
From the formula just determined we get 



\14425.84/ 



Whence we get the logarithmic equation 

• . (13) Log. J? = ^^g' ^+ ^'^ ^^g ^ " ^^g' l^^ 'S* 

8.76 

Which gives D when TFand I are known. 
To find P, 

(44) F=Jiri)'X12i-iTrd'X12i=87rZ(2>'-d») 

Substituting ^3 (or d we have 

(45) F=3ni(D'_?|z)0=gtrii?» 

Substituting for I^ its value as obtained from (34), and recollecting that 

1728 



we have 

^**'^ ^ i728>^12"'U4*25.84J 

(47)P=Sy<iil»rii/rSx 



1728 X 12 ^ (14425.84)ii 

(48) P = 450 X 11 ^r ^^^i.^ 

^ 1728X12X(l**25.84)i5 

Reducing the constant, 

(49) P = 0.00459961 X ^^ X ^ 



Short, Bound Mid. 
Transforming the formula we get 

1.44+4.41644£L -1-2.2246^ 
(60) IT =86237.5 B" ^ ^^ 




+ 441544 ^4- 1.44 X 2.2246^ + 4.41544 X 2.2246^ 



, 0.44+2.19084^ 
(61) Tr= 86237.5 !>• J ^ 

1.44+ 7.61887^^+9.8226 Ip 
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(52) W- 86237.6 1>» ( 1,44 ^.». ^ 7,61^7 ^.t ^ure ^ 9,8226 H 
(58) L44H^JD»" + 7.61887IF^'2>*~+9.8226H''/^*=37944.52y'« + 188982.6 ^'^^ 

Transposing the terms containing D we have 

(54) 879445Z>»" + 188932.6 P '/?» * - 1.44 PTD* "- 7.61887 W P-'D* '•== 9.8226 TFP-* 

Dividing the coefficient of i)*" we get 

(56) D* " + 4.979183 Z»' i>*-~- 0.00003795 TTD*"- 0.00020079 JT P-'Zy'* = 0.00025887 FT Z^ 

an equation which can only be solved by trial. 

To find P, 

P may be found after D has been determined, from the relation 

Or the values of the diflFerent powers of D may be obtained from this equation and 
substituted in (55). 



j[>»~== 



!>'•• = 



2>»" = 



!>»"== 



0.74994642 

p9.U 



(0.7499464)*" r" 

pi.Ti 

(0.7499464)*^^* 

zn.u 

(0.7499464)^- /»•" 
(0?7499464p^* 



Substituting these values in (55) we get 

F*'^ , 4.979183 P^" _ 0.00003796 W P^-^ _ 0.00020079 WP^'P*'' _ ^ ^^^^^^^^„ ^ , 

^ ^ (0.7499464)>'> ^^"^ (0.7499464)*- T" (07499464^*1^ (0.7499464)— ~ 0.00025887 IT i^ 

Multiplying by 

(0.7499464)'~ P" 

we get 

(58) P»" + 4.979188 (0.7499464)*" P-P^" -0.00003795 X 0.7499464 W I P*-~- 
0.00020079 (0.7499464)' "TFZ^P*" = 0.00025887 (0.7499464)«'*Tr^" 

Which by reduction of the constants becomes 

(69 )P*~+ 3.865312 P'"P'"-0.00002846057TrZ P^'*-0.0001 168956 TTr- •P«"s« 0.0001169933 TPr*". 

Which is another equation which can only be solved by trial. 
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Long, Flat End. 
The formula is 

Tr= 47326.26:^ 

Whence 



(««)^=(iS^y 



From which we deduce the logarithmic equation 

(61) Log. z,lo?JE+l:Il^e^=log^!32ft25 

Whence we determine D when W and I are known. 
To find P: 

By the same process as in long round-end hollow pillars we get the following 
equation. 

^ " ' 1728 ^ 12 \47326.25^ 

(63) P= ^^Xll"' vjyTiix^ 

1728 X 12 X (47326.25),-% 

Reducing the constants we get 

(64) P = 0.00174249 X Wra X '*^ 

An equation easily solved by logarithms. The fractional exponents can be more 
readily used as they are than if they were reduced. 



ShoH, Flat End. 
The formula for the breaking weight is : 

(66) Tr= 86237.5 B' (^ ^ 0.661228 ^" 1.44 + 1.244007 ^) 

(66) W= 86237.6 D' |^^.«_|_ o,661223 1 ■•' " 1.44 i)'^"^- 1.244007 Z" / 

,fi7x Tir_RfiM7 K n. / 1.442?^'+ 1.244007 Z'^»2y-"-y--0ft51223r'jy^ \ 

(Xii) n—WMi.o ir \^^ i)»^' -J- 1.244007 I" i>'^+ 1.44X0.661223 Z" Z)'"-|- 0.661223X1-244007 i"/ 

/gov TF nng^T/Ifl'/' , 0.44 2?^'+ 0.692784 Z"iy^ ^\ 

^08j w — OTAJr.o x/ \^i.44 2)^t_j_ (L244007 + 1.44 X 0.661223) I >•' D'*-f 0.651223 X 1244007 1 '7 

re«)^ IT- fifi2^7 B »• / 0-44 i?^'+ 0.692784 Z " Z?'-" \ 

^b»; w — »Wd7.& i^ ^j^ ^,_|_ 2.181767 Z '•' iJ-^H- 0.810125 Z "^ 

(70) 1.44 Tri>^'+ 2.181767 fTZ " !)"•+ 0.810125 TTZ " = 37944.6 !>'••+ 61120.2 Z '•' i>^. 

Transposing the terms containing i>, we have 

(71) 37944.6 1>^'4- 61120.2 Z >•' 2>'-"-1.44 IFi)^'— 2.181767 Wl '•' D'" = 0.810125 Wl " 
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Dividing by the coefficient of i)* \ we get 

(72) 2>»»-f. 1.347236 r' !>•«— 0.00003796 TF2>»^-0.0000575 JT^'i)'**™ 0.00002136 Wl*\ 

An equation similar to the one deduced for short, round-end, hollow pillars. 



To find P: 

We have, as before, (56), 

Whence 



P = 0.7499464 Z2>* 



VO-7499464// 
^ \0. 7499464// 



in 



-^'**"~V0.7499464Z; 
V0.749964// 
VO. 7499464 Z/ 

Substituting these values in (72) we get 

( 73^ P*" , 1.347236P'^^ 0.00003795^P^ 0.0000676 TFr'^i^^ 

^ ^ (0. 7499464}'" ^••+ (0.7499464)^'" Z*^"* ~ (0.7499464)*" T" "" (0.7499464)''* 

= 0.00002136 TF^*. 

Clearing fractions, we get 

(74) p« « -I- 1.347236 (0.7499464)* "» r«»P» ""-0.00003796 X 0.7499464 PT/ P*» 
-0.0000676 (0.7499464)*"* M^^-^'»P^"»= 0.00002136 (0.7499464)««ir^» 

Which reduces to 

(75^ P«.» -j. 1.0779333 r-*™P»-^«- 0.00002846067 Wl P*«- 0.0000346016 TrZ»^*»»P«'» = 0.00001026016 H7'". 

Another equation to be solved by approximations. 

Comparing together the formulas for the weights of long sohd pillars and long hollow 
ones, we see that they diflfer only in the coefficients, which are to each other as 2.1 is to 1 
— in other words, that for the same length and the same strain a solid pillar needs more 
than twice as much metal as a hollow one. 

We will now gather together all the formulas which have been deduced for the 
strength of a pillar, and those that enable us to find its diameter or its weight. 
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Formulas. 

1^= breaking weight of the pillar in pounds. 

P = weight of the pillar in pounds. 

I = length of the pillar in feet. 

d = diameters of the pillar in inches. 

J) = exterior diameter of a hollow pillar in inches. 

Long round-end pillars are over 15 diameters in length. 

Long flat-end pillars are over 30 diameters in length. 



Esiw. Lehotb. 



Solid. 



Sound, 
Boand, 

Plat» 



Long, 
Short, 

Long, 
Short, 



T' 



1+1.93769^ 

= 0S922 ^rr- 



1+0.65383 tt; 



8C237.5 
1.93769 



86237.5 
0.65383 



= 4.93S6962 
= 0.2872841 



= 4.9356962 
= i.8154646 



Itotind, 
Bontid, 

Flat, 
Flat, 



Long, 
Short, 

Long, 
Short, 



29074 
86237. 



HoUow {any ihichnesa). 



-.5(— ^^ ^-^\ 

ll-f-2.2246^rfr 1+2,2246^1:^1 

/'■' 
5 / ^ _ ^ \ 

yi+0.651223 ~ l+0.6fil223 ^] 



86237.5 
2.2246 



log. 99318 



86237.5 
0.651223 



Bonitd, Long, 
!Boand, Short, 



= 14425.84 
= 86237.62>', 



Hat, 
Flat, 



Hollow {thickness y'j). 
ll + 2.22 



^Tii 1.44 + 4.41544 ^T 



Long, 

Short, 



= 47326.25 
= 86237.6 



D'/ I 1 \ 

ll + 0.651223^ 1.44+1.244007^ 



14426.64 

86237.5 

2.2246 

1.44 

4.41544 

47326,25 

86237.6 

0.651223 

1.44 

1.244007 



= 4.9356962 
= 0.3472526 



= 4 9356962 
= 1,8137294 



= 0.3472526 
= 0.1583625 
= 0,6449741 
= 4.6751021 
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LOBg, 



Boancl, 



Short, 



Long, 



Solid. 



i" = 0.009634C74IFniff 



(^'•-0.000011C959ird''^= 0.0000224692 IT ('■' 

P = 2.45437 id" 

^■■"-0.00002840057 »ri i»"= 0.00011909 IFf" 



. loe.;r+1.71o s .i-log.98922 
"*•"— 3.65 

P^ 2.46437 id" 
P = 0.0037644 if™ fit 



il""- 0.0000116969 Wd"= 0.0000O768173 »T' 
P = 2.45437! I? 
1WlP'-™= 0.00003731742 ITP-*" 



log. 33379 

log. 2.45437 

log. 0.009634C74 = 

log. 0.0000115959 = 
log. 0.00OO224602 = 
log. 2.45437 
log. 0.00002846067 . 
log. 0.00011909 > 



log. 98922 
log. 2.46437 
log. 0.00376a 



log. 0.0000116959 n 
log. 0.00000768173 . 
log. 2.45437 
log. 0.00OO2846057 = 
log. 0.00003731742 « 



.6.0643038 
.6.3515879 
.0.3899399 
. 5.4542437 
.4.0768749 



-4.9962929 
.0.3899399 
= 3.6766960 



. 6.4642437 
.6.6719116 



Bound, 



Long, 



MoUow {thicknese -^). 

Lo» p log- V+ 1.7 log- '- log 14425.84 
^' 3.76 

P = 0.7499464 /D» 

F = 0.00459961 X IT™!™ 



log. 14425.84 
log. 0.7499464 



D'"+ 4.979183 ("B"- 



Bonnd, 



0.00003795 BT)""- 0.00O20O79 
0.00026887 IF/" 
P = 0.7499464 iZf 
i»" + 3.866312 P " ^"-0.00002846057 IF! f" 
0.0001168956 IF!* " F"-" = 0.0001169933 IFP" 



hog.D. 



FUt, 



Long, 



_ log. IF-f 1.7 log. Z-log. 47326.26 
3.66 
P = 0.7499464 fZ)* 
F = 0.00174249 x IFni (i^ 



log. 4.979183 
log. 0.00003796 = 
log. 000020079 . 
log. 0.00025887 = 
log. 0.7499464 
log. 3.865312 
log.. 0.00002846057 = 
log. 0.0001168956 . 
log. 0.0001169933 = 

log 47326.26 
log 0.7499464 
log. 0.00174249 = 



.4.1591411 
= 1.8760301 
= S;6627210 

.0.6971580 
.5.5792136 
= 4.3027417 
.4.4130778 
= 1.8750301 
= 0.5871845 
= 54542437 
.4.0677983 



.40751021 
.1.8750301 
.3.2411698 
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Ends. 



Plat, 



Length. 



FOESKTUL 



Short, 






HoUow {thickness, ■^) — continued. 



/>» .» -j. 1.34723G P' />'•« - 0.00003795 WB"' - 0.0000575 
Wl'-' D'"" = 0.00002135 WP* 

P = 0.7499464 ;/>• 

P«-«+ 1.0779333 P''' P*"»- 0.00002846057 Wl P'-' 
-0.0000345015 PT/*-*" i^-^« = 0.00001025015 PTr* 



Logarithms. 


log. 1.347236 


= 0.1294437 


log. 0.00003795 


= 5.579213G 


log. 0.0000575 


= 5.7596594 


log. 0.00002135 


— 5.3294033 


log. 0.7499464 


— 1.8750301 


log. 1.0779333 


— 0.0325920 


log. 0.00002846057 


= 5.4542439 


log. 0.0000345015 


— 5.5378378 


log. 0.00001025015 


= 5.0107301 



In using these formulas in the comparison that follows we will adopt equation (49), 
which is for long round-end hollow pillars, with a thickness one-twelfth of the exterior 
diameter. For perfect accuracy we should use the short-pillar formula for the segments 
of the Top Chord, but the method adopted is believed to be sufficiently accurate in a 
comparison, and it saves a great deal of tedious computation. 

For flat-end pillars, not immovably fastened at their extremities, we might use the 
flat-end formulas by suitably modifying W. It would probably be accurate for segments 
of the Top Chord to deduce their breaking weights from the flat-end formulas and divide 
by 2 instead of 3. There must be some intermediate state between flat-end pillars 
perfectly fixed, and those that are perfectly free. The latter have one-third the strength 
of the former, while a pillar that can only be subjected to very small motions, like a Top 
Segment, would probably have an intermediate strength, requiring a divisor of 2 or li. 
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CONSTANTS USED IN CALCULATING WEIGHTS. 

The formula for calculating the weight of a long hollow cast-iron pillar, with 
circular section and thickness y\, that just breaks under the strain W^ is 

(1) P = 0.00459961 X ^^ X ^ *^- 

In applying this we must take for W five times the actual maximum strain on the 
pillar, as that is the least strain under which the pillar is expected to break. Therefore, 
if we take for TFthe strain determined by calculation, we must write 5TFfor Win the 
formula. Hence, 

(2) P==0.00459961X(5^)^*X^- 
(3) P = 0.00459961X(5)^*X^*^W^^- 

The first two factors of the second number of this formula are constant, and the 

third term has but five different values in the trasses which we are to examine. It will 

therefore much simplify our calculations if we first find the logarithm of the product of 

the first three terms for these different values of L It will then, for each particular case, 

1 
only be necessary to add to the proper one of these logarithms the logarithm of TF^*«, 

and their sum will be the logarithm of P. These logarithms are 

= = 12.5 .... log. (0.00459961 X ^^* X ^) = 0.1233103 



== =18.75,. 

= 18.75 Xi'/iO = 19.76.. 
= 18.75 Xi Vis = 22.53.. 
= = 25. . . 



1.97 



log. (0.00459961 X 5^ X ^^) = 0.4586331 



l.T» 



log. (0.00459961 X 5^ X ^) = 0.5022000 



I.T» 



log. (0.00459961 X 5^« X ^*^) = 0.6106886 
log. (0.00459961 X 5^ X ^) = 0.6965483 



In using which we take for W the maximum calculated compression on the member in 
question. 

The formula for calculating the weight of a wrought iron member of uniform section, 
that is under a tensile strain, is 

(1) T= ^^ 



18000 

In which W, as before, is the breaking weight. As we estimate for a breaking weight 
5 times as great as the greatest strain that can come on the part, if we take TFas the 
strain found by calculation, we must write 5 TFfor Win the formula. Hence, 

5TF/ 



(2)r = 



18000 



(8)r=g4jjX»r 
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But the first factor of the second member has but few values. Determining the 
logarithms of these values beforehand, we have but to add to the proper logarithm the 
logarithm of W and we at once get the logarithm of T. These constants are, 



18.75 X i -v/10 
18.75 X i V13 



18.75 X V2 
25 XJV6 
25 X V2 



12.5 .. 
18.75.. 
19.76. . 
22.53.. 
25 .. 
26.5 .. 
27.95.. 
35.36. . 



• ^°»- (3^) = 

• ^°^- (3^) = 

(3600 j^ 



log. 



3.5406075 
3.7166988 
3:7395775 
3.7965492 
3.8416375 
3.8692138 
3.8900925 
3.9921525 



W is the calculated maximum strain. 
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THE FINK TRUSS. 

This is hardly a truss, being more properly a trussed girder. It has no Bottom 

Chord ; the line a, ft, c, i^i ?, ^i being merely a line of horizontal posts to keep the 

points of support at their proper relative distances apart. The theory of construction 
is, first to support the middle point by a post which itself is held up by ties extending 
from its lower extremity to the ends of the Top Chord. The middle point is then con- 
sidered as fixed, and the halves of the Top Chord are bisected, the points of section being 
upheld by posts that are supported by ties that extend to the middle point, and to one 
of the ends of the Top Chord. These quarter points are then considered as fixed, and 
the Top Chord is divided into eighths, that are similarly upheld by posts and ties 
to the nearest fixed points. The Top Chord is again subdivided into sixteenths that 
are similarly supported. The number of subdivisions depends upon the span of the 
truss, and the length of panel that may be desired. If, in the case which we have 
chosen, it had been thought best to have but twelve panels, the distance /JV would have 
been trisected, and the lower extremities of the posts would have been connected by ties 
with / and N. 

Assumed Weights and Dimensions. 

ar =200' 

No. of panels =16 

Panel length ; =12' 6" 

Depth of truss =18' 9" 

Panel weight of engine =:17600 = M/-f-^ 

tender =16160 = t(;' + < 

cars = 13152 = «/ 

bridge =9376 =i«" 

Excess of panel weight of engine over panel weight of cars. . =4448 =0 
" " tender " " " " ....=3008 =t 

Dransmission of Strains. 

To show how the weights attached to this truss are transmitted through the diflFerent 
parts to the abutments, we will assume a weight at m, and trace its effect on the truss. 
It is first halved, and the halves are carried by mL and mN to L and JV. The half at 
N is carried by the post Nn to n, and thence a quarter of the original weight goes to 
R, and a quarter to /. The quarter at / goes through the part li to ^, whence one- 
eighth goes to R and one-eighth to A. Returning to the half of the weight that went 
to i/, we find that from I one-quarter goes to /, and one-quarter to N. The quarter at 
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7 is halved at i, and one-eighth goes to li and one-eighth to A. The quarter at N 
becomes one-eighth at JR and one-eighth at /. The one-eighth at / becomes one- 
sixteenth at A and one-sixteenth at R. All the fractions of the original weight at m 
have now reached the abutments. Gathering together the parts that have reached A 

and i? we find at A i+i+yV =Tir> ^^^ ^t H i+i + i+i+Te^ii- ^.s the point m 
is five panel lengths from r, and eleven panel lengths from a, the proportions of the 
original weight which we have carried to the two abutments are evidently those that 
theory would have told us in advance should have gone there. We may therefore con- 
clude that the resolution was correctly made. The strain on each tie will be equal to the 
vertical weight which it carries, multiplied by the secant of its inclination with the vertical. 

Were there a Bottom Chord our resolution would have been made along the theo- 
retical lines m H and m A. Were the combination to consist only of the Top Chord, 
and the ties m L and m N', still the same proportions of the original weight would 
ultimately have reached A and 7?, though, after getting to L and iV" by the ties, they 
would have been carried to the abutments by the Top acthig as a solid beam. 

From Bridge and Moving Load. 

The principle of the counterbalancing of equal weights similarly situated, which is 
so important in trusses with Bottom Chords, does not come into use in this bridge, and 
the strains from the Moving Load, and from the Weight of the Bridge may be considered 
together in calculation. 

Maxima Direct Compressions on Posts. 

There are no transmitted strains on the posts Kh^ Mm^ Oo^ and Qq^ and the only 
direct strains which they have to sustain are those due to the proper proportions of the 
weight of the segments of the Top Chord, of the ties, and of the top lateral bracing. 
These are parts of the permanent bridge weight, no direct strain from the moving load 
coming on the posts in question. But as we have agreed for all trusses to consider in 
^Uhis preliminary calculation the parts as without weight, and the weight of the truss as 
represented by weights suspended along the Bottom Chord at each roadway bearer, we 
will find no direct compressions on the posts mentioned above. Examining the effect of 
the train, which comes on from a, with the head of the train at different points, we find 
the following positions give the maxima strains on the different posts : 



on/i .. 


.head of train at q 


on LI .., 


S( 


" m 


on Nn... 


€€ 


" q 


on Pp.,. 


tt 


" 9 


on B r... 


€t 


" 9 
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Wo, therefore, have on the posts : 



on li .... 


. 7 (w/-|- w'') + 


2^ + 


I i — 161989 


on Kk ..., 









on LI . . . . 


(u/-f w'') -f 


J^ + 


\l= 26256 


on Mm,.., 









on Nn .... 


. 3 (w;'+ u/') + 


|e + 


j<= 73173 


on . . . , 









onPp 


(w;'_{- u,") + 


he + 


J<= 26255 


on ^ ^ 









on iJ r ... 


. y (t^+ to") + H ^ + f* < = 181715 



Maxima Direct Tensions on Ties. 

In examining the strains on the ties we can readily see that each pair of ties receives 
its maximum strain when the post that rests on them is under its maximum compression. 
But the compression on the post, being a vortical force, must be multiplied by the secant 
of the inclination of the tie to the vertical, to get the strain on the tie. Moreover, this 
vertical force is increased by the weight on the roadway bearer at the intersection of the 
ties. We, therefore, have on the ties : 

on ifc / .... \ (i//+ M/'-f e) X i V 13 = 16210 
onkL .... \ (w/ -f u/' -f e) Xi Vl3 =16210 
on m i;. . . . \ («;'+ «/'+ e) X i VT3 = 16210 
'onmiV'.... \ (w;'+t(/'+e) X i Vl3 =16210 
on iV' . . . . J (^'+ t«"+ ^) X i ^^ = 16210 
on P .... J (w'+ !(/'+ e) X i Vi3"= 16210 
on 5 P .... J (w/+m/'+c) Xi VlJ= 16210 
onqR .... \ (wZ + u/'-f e) X i Vl3"=16210 
onll . . . . i [26255 + («^+ t^'-f ^)] X i V25= 44358 
onlN .... \ [26255 + (u?' + «;"+ f?)] X i V25"= 44358 
onpN.... \ [26255 + (u;' +«?"+«)] Xi V25 =44358 
onp R ....\ [26255 + (t(/+ w" -\- e)] X i V25= 44358 
on n / .... J [73173 + (t^ + w?" + 0] X i V 73"= 140560 
on nR....\ [73173 + (u/ +«/'+<)] X i V 73 =140560 
on ii2 .... J [161989 + (u;' + «/')] X i V266 = 500617 

Maxima Compressions on Top Chord. 

The greatest compression on the Top Chord will evidently be developed when there 
is the greatest load upon the bridge. This, of course, will be when the head of the train 
is at q. We will then have w'-^- e oi p and q, ie;'+ ititn and o, and w' at all the other 
points of support ; and w", of course, at all the points. Each weight affecting the truss 
independently of the others, and there being no counter-balancing of equal weights, we 
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have evidently merely to deterD:iine the compressions due to each weight, and add them 
together. These compressions are as follows : 



From weight at 6 — 



From weight at c — 



From weight at d — 



From weight at e 
From weight at / 



From weight aX g — 



From weight at A — 



From weight at i 
From weight at k 



From weight a,i I — 



From weight at m — 



From weight at n 
From weight at o 



From weight at /) — 



From weight at 9 — 



onBI i 
on IE I 
onE G i 
on GA } 
onBI I 
onlE i 
on E A i 
onBI ^ 
on IE 5 
onEG i 
onGAi 
onJR/ J 
onIA § 
onBI i 
onIO ^ 
onOE^ 
onEAi^ 
onBI ^ 
onlE^ 
on E A i 
on BI i 
on 10^ 
onG E i 
onE A ^ 
onBA I 
on BN § 
on NL J 
onLI ^ 
on I A J 
on BN 5 
onNI^^ 
on I A 4 
on BN i 
on NL^ 
onLI % 
onlA^ 
onBI i 
on I A J 
on BF i 
on FN ^ 
onNI I 
on lA i 
onBN i 
onNI i 
on lA i 
on BF i 
on FN i 
onNI i 
on I A I 



io'-\- w" 

ly'-j" ^' 
u/+ ^' 

v/ -\- v/' 

w' -\- lU"] 

vy -\- to" 
w' 4" y^'] 

w' 4- to"] 

vy -\- vj/'\ 
u/4" *^'i 

vy + y^'\ 

vy + u/'; 

w' 4- u/' 

«/ + ^' 

wZ+w/' 
y+uZ' 

w' 4- ^ 4- w") 

tiZ-j-^-l-u/') 

K,'4-<4-tt/') 
ti/ 4- < 4- 1</') 
M/4.^4-ti/') 

u/ 4- e 4- to") 

teZ 4" e 4" ^^ 
u/4.e4-ta") 

uZ-f-e + to") 
u/4-e + ii7") 
u;/4-e4-ii7") 
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Adding together these different independent strains, we obtain the following maxima 
strains on the Top Chord : 

on A I V K + «o") + S € + i t = 649731.33 
onl Z ^{w' + w") 4- I € -}- Y^ = 661198. 
on L J^i^^ {w' -f w") +*«+¥< = 661198. 
on Jr/> V- i^' + »^") +*« + •¥ ^ = 667652. 
onF E ^(to' -\- w") 4- Jg^ 6 + J/^ = 667662. 

As the left half of the Top must be made as strong as the right half, to provide for 
the case of the train coming from the right, the last four compressions are the ones which 
we will use for the corresponding segments of the left half of the Top. 

In obtaining these compressions, certain forces that acted to diminish the compres- 
sions at particular joints were neutralized as far as the top compressions are concerned. 
This neutrahzatidn took place through the fastenings, and therefore these forces must be 
taken up and provided for in getting the shearing strains on the joint pins, or other simi- 
lar intermediate parts. Attention is called to this as an important point in actual con- 
struction, though immaterial in this comparison of strains. 

Extra Strains. 

In the preceding discussion of the strains in a truss, and the method of calculating 
them, we have shown that there are certain extra strains to be provided for, arising from 
the impossibility of keeping all the points of contact of the segments of the Top Chord 
in the same right hne. Some of the joints have a tendency to rise, and some to fall. 
To keep this deflection from injuring the truss, we must make some arrangement to 
counteract this tendency. This is done by the introduction of panel ties. In the Fink 
truss the ties that support the sixteenth posts are also panel tics, and fulfil their office as 
such. But these only act to keep the middle, quarter, and eighth joints from rising, and 
to support the feet of the sixteenth posts, and thereby to keep the sixteenth joints from 
falling. We need, besides, panel ties to keep the sixteenth joints from rising, and to keep 
the middle, quarter, and eighth joints from falUng. These last panel ties Fink himself 
does not use ; but as we consider them essential to stability, and as we deem it necessary 
in this comparison of the different truss combinations to make each one complete where 
it seems deficient, we have introduced them. To show more clearly the parts that we 
have added, they are represented on the drawing by dotted red lines. If the length of 
the segments of the Top Chord were two panels instead of one, we could dispense with 
these last panel ties as far as the necessity of keeping the sixteenth joints from rising is 
concerned ; but besides the great difficulty of making castings twenty-five feet long, they 
require much more iron than the two shorter segments, as we can readily see from the 
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formula for the weight of a hollow cast-iron pillar. Calling P' the weight of the long 
segment, and P" the weight of one of the short ones, we have 

P' : 2 P" : : (2Z)'* : 2 (Z)»* 
P' : 2 P" : : 2^ » : 2 : : 3.732 : 2 
P' = 1.87X2P" 

In other words, the long segment would require for the same strength 87 per cent, 
more material than the two short ones. Moreover, if these panel ties are not on hand to 
resist the falling of the middle, quarter, and eighth joints, these joints will have to be 
upheld by the principal ties, at a cost of much more wrought-iron, or a diminution of 
the Factor of Safety. It is hardly probable that any method of connecting the segments 
of the Top at the sixteenth joints, so as to make them practically one, can be devised 
that will not necessitate, to secure the same strength in the two joined segments as in the 
single long one, at least the same amount of metal. 

Total Compressions on Posts. 

The measure of the deflection for which we provide is one-seventeenth of the com- 
pression of the Top. All the posts are under their maxima compressions when the head 
of the train is at q, except L I. This post, however, only loses, as the engine passes on 
to y, its portions of the excesses of the weights of the engine and of the tender over the 
car weight, and this loss is more than replaced by the increase in the amount of the one- 
seventeenth of the top compression at L, when the head of the train is at q, over what 
it is when the head of the train is at m. We will therefore add to the compressions when 
the bridge is fully loaded, one-seventeenth of the then compressions at the joints of the 
Top, and we will therefore have on the posts 



on Ii 


161989 + tV X 649731 — 


200208 


onKk 


tV X 661198 = 


38894 


on LI 


22527 + tV X 661198 — 


61421 


on Mm 


tV X 661198 = 


38894 


on Nn 


73173 + tV X 661198 — 


112067 


on Oo 


tV X 667652 = 


39274 


on F p 


26255 + tV X 667652 = 


65529 


on Qq 


tV X 668132 = 


39302 


on Rr 


• 


181715 



Tensions on Panel Ties. 

The same tensions are developed in the Panel Ties by their resistances to the 
upward movements of the joints to which their upper extremities are attached, as are 
developed in supporting the posts under the adjacent joints. Hence we have : 



i 
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oniK -^X 661198 X i V^^ = 23372 
• onKl ^ X 661198 X i V^^ = 23372 
onlM ^X 661198 X i V^ = 23372 
on if n ^ X 661198 X i V^ = 23372 
on n A X 667652 X i Vl^ = 23601 
on Op ^ X 667652 X J V^ = 23601 
onp Q A X 668132 X i V^ = 23617 
on Qr ^ X 668132 X i V^ = 23617 

Total Tension on Ties. 

The shorter ties of the main system, that have the same angle of inclination as the 
panel tics proper, are the only ones on which any extra strains from the deflection of the 
Top Chord can come. The greatest total strains will come upon them from their office 
of supporting the posts under the sixteenth joints, as the tendency to flexure upwards at 
the other joints will generally be overcome by the transmitted weights. The ties 
between the middle and quarter posts sustain less than their maxima direct strains at 
the time when their total strains are the greatest, as the engine and tender are then 
between the quarter and the end posts. We then have on these ties 

on it / [J {w' + u/') + A X 661198] X i ^13 = 36909.4 
on kL [H^ + w^") + A X 661198] X J \/i3 = 36909.4 
on m 2^ [i (w' 4- w'^) + ^ X 661198] X J Vi3 = 36909.4 
on m ^^ [J {v)' + w") + gV X 661198] X i VlS = 36909.4 
on o iV [J (lo' + m;" + + A X 667652] X i '/13 = 38945.1 
on P [i (^ + w'" + + B^ X 667652] X i -/IS = 38945.1 
on 9 P [i (^ + ^' + «) + ^ X 668132] X i V"^ = 39827.5 
on ^ i2 [i (^ + ^' + ^) + A X 668132] X i V^ = 39827.5 

The tension on the longer ties are the same that we found before. 

Bottom Horizontal Posts. 

Besides the parta on which strains have been calculated, this bridge has horizontal 
posts between the points of support, along the line where the Bottom Chord would be, 
to keep these points in their proper relative places. Their dimensions depend upon the 
judgment of the engineer, and experience alone seems to be the guide in determining 
them. These posts are omitted entirely from the discussion, though they add to the 
weight and cost of the bridge. 

Collecting together the parts that resist compression, and calculating their weights 
by the formula previously determined, viz. : 

P = 0.00459961 X ^ X ^» 

we obtain the following : 
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Compressions. 



NAMES. 



Top Segment B Q 



(t 



tt 



tt 



t€ 



€t 



tt 



<S 



P 0. 



ON. 

NM. 
ML. 
L K. 



KI 



Post R r 



tt 



tt 



Qq 
Pp 
" Oo 

" Nri 
" Mm. 
" LI , 



tt 



Kk 



Total, 



Multiply by 2 for the other half of the 
truss 



Post it. 



Amount of cast-iron 



LENOTH. 



18.75 



STRAIN. 



12.5 


668132 


12.5 


668132 


12.6 


667662 


12.6 


667652 


12.6 


661198 


12.5 


661198 


12.6 


661198 


12.6 


661198 


18.76 


181715 


18.76 


39274 


18.75 


65529 


18.76 


39274 


18.75 


112067 


18.76 


38894 


18.75 


61421 


18.75 


38894 



200208 



FIVE TIMES 
THE STRAIN. 



3340660 

3340660 

3338260 

3338260 

3305990 

3305990 

3305990 

3305990 

908575 

196370 

327645 

196370 

560335 

194470 

307105 

194470 



1001040 



LBS. OF CAST 
IRON. 



1665.87 
1665.87 
1665.23 
1665.23 
1656.65 
1656.65 
1656.65 
1656.65 
1803.77 

798.56 
1048.49 

798.56 
1394.84 

794.44 
1013.00 

794.44 



21734.90 

43469.80 
1899.20 



45369.00 



CoUectiiig together the parts that resist tension, and calculating their weights by the 
formula previously determined, viz. : 



r= 



we obtain the following : 
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Tensions. 



• 

HAK-JB. 


UmOTB. 


8TBAIN. 


nVE TIMES 
THE BTRAIM. 


TiBa OF 
WBOUGHT IBON. 


Tie fc 7 


22.63 
22.63 
22.63 
22.63 
22.63 
22.53 
22.63 
22.63 
31.26 
31.26 
81.25 
81.25 
63.4 
53.4 
101.74 
22.53 
22.53 
22.53 
22.68 
22.63 
22.63 
22.63 
22.53 


86909.4 

86909.4 

86909.4 

86909.4 

38945.1 

88946.1 

89827.6 

89827.5 

44368 

44368 

44358 

44368 

140560 

140560 

600617 
28872 
28872 
23872 
23372 
28601 
28601 
28617 
28617 


184547.0 
184547.0 
184547.0 
184647.0 
194726.5 
194725.6 
199137.6 
199137.6 
221790 
221790 
221790 
221790 
702300 
702300 
2503086 
116860 
116860 
116860 
116860 
118005 
118005 
118086 
118086 


231.04 


<« k L 


231.04 


« ml/. '. 


231.04 


" mN 


231.04 


« oN 


243.78 


« P 


243.78 


« Q P 


249.31 


X* 

" Q R 


249.31 


X"** ' 

" I I 


386.05 


" IN 


386.05 


" f)N 


386.05 


/''*'' • 

" f) R 


385.05 


Jr "*• • ••• 

« n / 


2084.97 


<« n B 


2084.97 


" xR 


14148.36 


Panel Ties % K 


146.30 


« «< Kl 


146.80 


« « IM 


146.30 


** " Mn 


146.30 


« " nO 


147.73 


« " Ov 


147.73 


vr^ •••• 

« " p O 


147.83 


x'V ••••• • 

" " Or 


147.83 


V' •••••• •••.. 




Total for one half of the trass.. . . 


22945.16 


Amount of wronffht-iron .......«.•«* 








45890.82 
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THE BOLLMAN TRUSS. 

This truss, like Fink's, is properly a trussed girder, there being no Bottom Chord. 
It has also, like the preceding, a line of horizontal posts where the Bottom Chord would 
otherwise have been, to keep the points of support at their proper relative distances 
apart. The theory of the combination is exceedingly simple. Each point of support is 
directly connected with the extremities of the Top Chord by ties. In each panel there 
are panel ties to keep the Top Chord in line. 

Assumed Weights and Dimensions. 

ar =200' 

No. of panels. =16 

Panel length = 12' 6" 

Depth of truss = 18' 9" 

Panel weight of engine = 17600 = u/ -f- ^ 

tender. = 16160 = u/+t 

" cars. = 13152 = ix/ 

" bridge = 9376 = to' 

Excess of panel weight of engine over panel weight of cai*8 . . . . = 4448 ^= e 
" " " tender " " " . . . . = 3008 = t 

Transmission of Strains. 

Each weight is transmitted to the abutments entirely independently of any other 
weight. The weight at m, for instance, is transmitted through the ties m A and m ^ to 
A and S, eleven-sixteenths of the weight going to R and five-sixteenths to A. This can 
at once be seen by drawing the parallelogram of forces at m. The strains on the ties are 
equal to the portions of the weight that travels by each, multiplied by the secant of the 
angle of inclination with the vertical The compressions of the Top Chord generated by 
the weight at m are : 

At ^ V X A ^=*t W— acting to the right 
kiR -y X H ^= W ^— a<5ting to the left 

We see that these two compressions are equal and opposite, and that the compres- 
sion of the Top Chord is the same whether we calculate it from A or from R. As 
we shall always assume the train as coming on from a, we will only calculate the 
compressions from R. 
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From Bridge and Moving Load. 

The weights from the bridge itself and from the moving load will be calculated 
together ; for, as in Fink's truss, the counterbalancing of equal weights similarly situated 
does not enter the calculation in this combination. 

Maxima Direct Compressions on Posts. 

As we have agreed to suppose the posts of the bridge as without weight, representing 
the bridge weight by equal weights of 9375 lbs attached to the points of support, we 
will have no direct compressions on any of the posts except the end ones. These, of 
course, are under their maxima compressions when the bridge is covered by a train. We 
then have on the post Br: 

From the weight at 6 A (^ 4" *^") 

% -A (t^ + t^O 
k A (w?' + «?") 



u it 

II II 

C< <l 

« «l 

tt «« 

tt «l 

tt CI 

tt <« 

tt <« 

<c « 

ti c« 

<« «c 

« 11 



Adding together these independent compressions, we get 

OnRr Jj/L (to' + t(/') + fl « + tt ^ == 181715. 

Maxima Direct Tensions on Ties. 

As no pair of ties receives any transmitted weight, it is evident that each pair of ties 
will be under its maximum direct tension when the engine is resting on the roadway 
bearer which it supports. The greatest weight that can be put on any pair of ties is 
therefore w' + w" -f e. We therefore have 

onbR tV (t^ +«?"+«) X i ^909= 33887 

on c2? TS^(w/4-ti/'-|.6)Xi-/793= 63302 

oudR tV (i^ + u;"+ e) X 4 VWy= 88250 

one R tV (w^' -h w"+ e) X 4 V5«6= 108740 

on/ R A »>' + ^' + ^) X i VS^ =« 124780 
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on gR A (w/ 4- w"+ e) X i 1/409= 136384 
on hB T3^(u/+t«/'+e)X 4^333 = 143672 
on iB ^ (ti/ + kt" + e) X 4 V2G5 = 146374 
on kB A (t«^ + t«^' + «) X 4 V205 = 144834 
on IB I* (tt?' + t(/'+e)X 4^153=139026 
onmB H {^'+^'+e)Xi '/i09 = 129079 
onn i? If (u/ + to"+ e) X 4 ^73 = 115236 
onoB ^(ti/-f ti/'+e)X4 Vis = 98016 
onp^ ||(u/+t(/'+e) X4 V25 = 78629 
on9i^ 4^ (t(/ + to"+.e)X4 Vi3 = 60787 

Maxima Compressions on Top Chord. 

In this truss it is evident that all of the segments of the Top Chord are at all times 
under the same compression. This compression will be a maximum when the bridge is 
covered by a train. When the head of the train is at q we have the following com- 
pressions on the Top Chord : 



Prom weight 


at 6 ^ (to' 4- to") 




(« 


c M(t^+«^') 






d ^f (t(/ + to") 




tt 


e ^(M/-|-to") 




«( 


/ M("^+t^') 




i« 


g ^(,^4.^/) 




it 


h f} (to'+to") 




«« 


i It (to' -f to") 




«( 


k 11 {v^ -f ^") 






I |t(to'+to") 






m If (ttZ-f" t^O 






n Ij (to'+to"+0 






If (wZ+^'+O 






P If («/-{- 1^' + ^) 






5 If (to'+to" + e) 



Adding all these independent compressions together, we obtain the following 
uniform maximum compression : 

on AR ^ (to'+ to") + If e + If ^ =657138. 

Extra Strains. 

The joints of the Top Chord are kept from rising by the panel ties. They are kept 
from falling by the posts, which are themselves upheld by the panel ties only, except at 
the ends of the truss where the ties q R and h A are called upon to assist. These are 
the only ones of the ties proper that have to be increased in section to meet this con- 
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tingent strain. The tensions on the panel ties generated by holding down the joints are 
equal to those generated in supporting the posts that keep up the adjacent joints. The 
extra strains come only on the posts, on the panel ties, and on the two shortest of the 
ties proper. We therefore have 

Total Compressions on Posts. 

on /i . . . . tV X C57138 = 38G55, 

and the same on all the others, except the end posts, which have no increase of com- 
pression. 

Total Tensions on Ties. 

onqR .... 60787 + ^"r X 657138 X i VTS = 84016. 

On all the other ties the tensions are unchanged. 

Tensions on Panel Ties. 

on Ik ....^X C57138 X i ^13 = 23229, 

and the same on all the other Panel Ties. 

Bottom Horizontal Posts. 

As in Fink's truss, the bottom horizontal posts have not entered into this calcula- 
tion, but attention is called to them as members that are always used, their dimensions 
being decided upon by experience or the judgment of the builder. They add to the 
weight and cost of the bridge. 

Collecting together the parts that resist compression, and calculating their weights 
by the formula previously determined, viz., 

P = 0.00459961 X W^X^ 

we obtain the following : 
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Compressions. 



NAME. 


TiFNGTH. 


8TKA™. 


FIVE TIMES 
THE STRAIN. 


LBS. OF CA8T- 
IBON. 


Tod sesrnient R 


12. C 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

18.75 

18.75 

18.75 

18.75 

18.75 

18.75 

18.75 

18.75 


657138 

657138 

657138 

657138 

657138 

657138 

657138 

657138 

181715 

38655 

38655 

38655 

88655 

88655 

38656 

38666 


3285690 

3285690 

8281690 

3285000 

3285G90 

3285690 

8286690 

3285690 

908575 

193275 

193275 

193275 

193275 

193275 

193275 

193276 


1651 . 23 


«« OP 


1651.23 


^-. .•••«•••..■•.... 

JP 


1651.23 


" " ON 


1651 23 


« " NM 


1651.23 


ML 


1651 . 23 


" " LK 


1651.23 


" «' KI 


1051 . 23 


Post Br 


1803.77 


" Qq 


791 . 84 


^ 1 •••... ..•••. 

" P p 


791.84 


f ••••• • 

" Oo 


791 . 84 


" Nn 


791.84 


" Mm 


791 . 84 


" LI 


791 . 84 


«« Kk 


791.84 






Total 


20564.49 


Multiply by 2 for the other half of the 
truss. 








41128.98 


Post li 


18.75 


38655 


193275 


791 84 






Amount of cast-iron 


41920.82 













Collecting together the parts that resist tension, and calculating their weights by the 
formula previously determined, viz., 



T= 



Wl 
18600* 



we obtain the following : 



U 



IRON TRUSS BRIDGES FOR RAILROADS. 



67 



Tensions. 



Namb. 


Length. 




5 Taos THB 
Stbum. 


lilLS. OF 

Weouoht-Ibok. 


TiA /» 72 


188.44 

176.00 

163.58 

151.17 

138.77 

126.40 

114.05 

101.74 

89.49 

77.31 

65.25 

53 40 

41.93 

81.25 

22.53 

22.53 

315.49 


33887 

63302 

88250 

108740 

124780 

136384 

143572 

146374 

144834 

139026 

129079 

115236 

98015 

78629 

84016 

23229 

23229 


169435 
316510 
441250 
543700 
623900 
681920 
717860 
731870 
724170 
695130 
645395 
576180 
490075 
393145 
420080 
116145 
116145 


1773 . 76 




* cR 


3094.79 




« dB 


4009 . 94 




« eE 


4566.09 




« fB 


4798 . 95 




J *• ..•.. • 

* qB 


4788.53 




y*' ••••••••••••••••• •••••. 

* hB 


4548.51 




* iB 


4136.80 




« kB 


3600.18 




« IB 


2985 . 51 




' mB 


2339.25 




« nB 


1709.33 




* oB 


1141.50 




« pB 


682.54 




^A» •••••••••••••••••••••• 

' qB 


525.91 


P 

1- 

A 


^** •• 

anel Tie rO. 


145.41 


i other Panel Ties. 


2035.67 


Total for one-half of the tmfls ...... 




46882.66 


iTiount of wronirht-iron ...•.•......• ^ « r 








93765.32 
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THE JONES TRUSS. 

This truss is known under diflferent names, according to the material of which it is con- 
structed. With all the parts of wood it is the Long truss, and this is its earliest form. 
With vertical iron instead of wooden ties, and some minor modifications, it is the well- 
known Howe truss. With the further modification of making every part of iron it 
becomes the Jones truss. As far as the form and theory of the combination are concerned 
the three trusses are the same ; the changes are only those that naturally arise from the 
substitution of iron for wood, as the manufacture of iron increased in extent and diminished 
in relative cost. As we are dealing especially with iron bridges, we have called it the 

Jones truss. 

It consists of a horizontal Top Chord of cast-iron, to resist compression ; a parallel 

Bottom Chord of wrought-iron, to resist tension ; vertical ties of wrought-iron connecting 

the two chords ; and inclined struts of cast-iron between the top of one vertical tie and 

the foot of the adjacent one. It is proper to remark that Jones makes the ends of his 

trusses somewhat more complicated than represented in this treatise, but the object is 

merely to obtain a more equitable pressure on the abutment, and is rather a mechanical 

advantage than a theoretical necessity, and it has been considered as one of those matters 

of practical detail that need not here be considered. It adds, however, to the weight and 

cost of his bridge. 

Assumed Weight and Dimensions. 

ar == 200' 

Number of panels =16 

Panel length = 12' 6" 

Depth of truss = 18' 9" 

Panel weight of engine = 17600 == t*/ -|-* 

" tender = 16160 = ti;' + < 

«' " " cars = 13152 = to' 

" " " bridge = 9375 = w" 

e = 4448 
t = 3008 

Transmission of Strains. 

In trusses proper, like this and the ones that follow, the principle of the counter- 
balancing of equal weights similarly situated is of very great importance, and is essential 
to determining accurately the strains on the different members. Moreover, the character 
of the combination is such as to necessitate the resolution of the weights along theoretical 
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lines to the points of support, as explained in the preliminary treatise on the method of 
calculating strains in a truss. We will illustrate the modes of ascertaining the original 
and deduced forces by supposing a weight at m and following its eflfects on the different 
members. It is at once carried by the vertical tie to if, and there is resolved^ into com- 
ponents along the theoretical lines Ma and Mr. First following the one along Mr we 
find it generating a compression at Jf towards Q, equal to f Xyi^'^fs" ^- ^^^^ *^® 
component along Ma at the same time generates a compression at M towards B equal to 
V X-nr^= W- ^- The difference between these two, or \fW, is evidently the actual 
effective compression at M, and it acts towards B. The component on Mr generates on 
Mn a compression equal to W TFX i Vi3. At w a tension equal to f xir ^ ^^^ acting 
towards r, is generated. Following up the strains we find — on n iV a tension of W W; on 
NM^ acting towards jB, a compression of | X ii ^f on JV^ o a compression equal to 
•H ^X 8 y/^ ; at a tension, acting towards r, of f X ii ^/ on o a tension equal to 
\^W; ovlO N 2u compression acting towards B equal to f X i^ ^' on O'p a compression 
equal to -J^IFX i "/is ; at j? a tension, acting towafds r, of f X "H ^/ on^ P a tension 
equal to \^W ; on P b. compression acting towards B equal to f X "H"^/ on P g^ a 
compression equal to -H^TTx i VT^ ; at g' a tension acting towards r equal to | X ii W^' 
on q Q Q. tension equal to \^ W; on Q P b, compression acting towards B equal to 
I X ii W; on Qr a compression equal to \^ WX I Vl^ ] at r, acting to the right, a 
tension equal to f X "H" ^* ^^^ ^^ the abutment at r a compression equal to -J-J- TF] 

We find that except at -if each top compression, as we go towards the abutment r, 
is equal to f f W; that the bottom tensions are all ^f W; that the vertical ties have all 
the same tension, \^ W; and that the inclined struts have all the same compression, 
\i TTx i Vl^. The top compressions and the bottom tensions are cumulative towards 
the middle of the truss. 

Tracing up in a similar manner the effects of the component along Ma, we find at 
each joint of the Top Chord to the left of if a compression equal to | Xre ^=il^ 
acting towards Q. At each joint of the Bottom Chord to the left of m we have a tension 
of I X Tff ^= TT ^/ o^ ^^^^ Vertical Tie a tension equal to ^ W; and on each inclined 
Strut a compression equal to -^ TFx i '^^• 

Adding up the top compressions in the right part of the truss, we find them 
increase from jl TTat § to Y/- Woi M. In the left part we find them increase from 
\l- FTat jB to \Y- W^tL. Therefore the top compressions neutralize each other through 
LM. The bottom tensions on the right are |f TTat r, and ^^-TTat n; on the left they 
are jfTTat a, and ^^-TTat I The bottom tensions also neutralize each other through 
In. We may therefore infer that we have correctly resolved the original weight. 
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From Bridge Weight only. 

The bridge weights are constant in position and in magnitude, and they are all equal. 
Hence those that are similarly situated counterbalance each other, and the inclined parts 
between them are unacted upon. For illustration, let us ta,ke the bridge weights at I and 
g. The entire weight at / goes to L and is thence transmitted undiminished through L m 
and the struts parallel to it to r. Similarly the whole of the weight at g goes through 
Of and the struts parallel to it to a. The top compressions which these weights generate 
neutralize each other through GL, and the bottom tensions through/ m, no strain what- 
ever coming on the inclined and vertical members between IL and g Q. 



on Ik . . 
on Kl . . 
on Lm , , 
on Mn . . 
on No .. 
on Op . . 
on P ^ . . 
on Qr . . 



Compressions on Struts. 

• Y^'XJ ^^13 = 

.yiw"Xi^^- 

.^u)"Xi^^-- 



4687.5 
14062.5 
23437.5 
32812.5 
42187.5 
51562.5 
60937.5 
70312.5 



X*V^13 
X^Vl3 
Xi^l3 

X*V^13 
XiV^13 
X*V^13 



Tensions on Bottom Chord. 



^w''= 4687J5 
yiw''= 87500 
jyt to" = 121875 
^ w" = 150000 
^v)" = 171875 
^io" = 187500 
^ w/' = 196875 
onki ^... ^V3" = 200000 



on r J 
on^jp 
on jpo 
on o n 
on nm 
on ml 
on Ik 



• • • • 



Tensions on Vertical Ties. 



on li .... 


w"— 9375 


on Kk .... 


, ivj"= 14062.5 


on LI . . . . 


. f to" — 23437.5 


on Mm 


. ivj" — 32812.5 


on -^7^ n 


. f t£/' — 42187.5 


on 


,^w"— 51562.5 


on P jp 


,J^v}"— 60937.5 


on Q q ... 


. ^ t(/' = 70312.5 



I - 
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Compressions on Top Chord. 



on g P ... 


. Y ^" — -^6875 


on P ... 


. -J^ w" — 87500 


on -^ . . . 


, s^w"— 121875 


otlNM ., 


. Y w" — 150000 


OIL M L ... 


. i^w;"= 171875 


on L K ... 


. ^wf'— 187500 


on ^ / ... 


. 4^ w/' — 196875 



Effect of Moving Load. 

In calculating the permanent strains on the bridge from its own weight we find that 
on certain parts, the counter-struts, we have found no strains at all. This is always the 
case when a bridge is uniformly loaded, and hence the necessity of actually running the 
train on, panel by panel. We will endeavor to ascertain what positions of the train 
cause the greatest strains on struts and counter-struts. 

When the engine is at 5, jB c bears a portion of its weight w' + e. As the train 
passes on, the weight at h becomes !(;'+<, and then w\ » No portion of the weight of the 
part of the train' beyond h comes to the abutment a through J?c, for all that comes to c 
goes up c (7, and down (7 ft, and up ft ^ to B, and thence through B aio a. Hence B c 
is under its greatest compression when the en^ne is at ft. The corresponding member 
Qp cannot receive as great a strain with the train coming from a, for it receives none at 
all until the engine reaches q, and then, on account of the counter-balancing of the M;',of 
the «;' + e by the similar w' at ft, it can only get a part of the small quantity e. Hence 
the \alue that we determine for B c must be adopted for Qp, to provide for the case of 
the train coming on from r. Similarly it may be shown that we get the greatest direct 
strains on the members parallel to -B c when the head of the train is under their upper 
extremities. To illustrate, the greatest compression on im is found when the head of 
the train is at I. But if we should find a greater strain on the corresponding strut Gf, we 
would have to adopt that for them both. But the greatest strain on Gf, with the train 
coming from the left, is when the engine is at /, as then the ii/b at g and h and half of 
that at i are transmitted through Gf, together with portions of e and i. As the engine 
moves on, the same w'8 are still transmitted through G /, but the portions of e and t are 
lessened. But this maximum on Gf is evidently much less than that on L m. The 
same reasoning applies to all the other struts. Hence we have the following : 
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Maxivia Direct Compressions on Counter-Struts. 



Head of train at 6 — on 5 c . 

on Cd 
on De , 
onEf . 
on Fg . 
on Oh . 



(C 

(C 

(( 
c< 
tt 



C 

d 

€ 

f 

9 

h 



(^^' + ihe) Xi/13= 1100 

(A«^ + A«) XiVl3^= 3300 

(A«^ + Ae + -iV<)XiVl3= 6510 
(18 «^ + A e + A X i V 13_= 10732 

(««''+ A e + -ft /) X Wl3 = 15772 

= 21636 

= 28322 



• (Hto' + We + TV«)X4V13 
onHi.... (^^ w' -{- a e -{. -^ t) X \V ^^ 



XJV13 
XiVl3 

X4Vi3 

XiVi3 
XJVis 

X4Vi3 

XiVl3 



Maxima Direct Compressions on Struts. 

X4V13: 

XJVT3 = 

XJV13: 
X4V13: 

xiV23= 

XJVia^: 
X4Vi3^ 
X4V13. 



Head of train at i 


— on Ik ... 


. (i w"+ U w^ + He + Hi) 


'ti t 


k 


— on Kl . . . 


. (1 t^/+ ^ t^+i^e + ifO 


U f 


I 


— on L m . . . 


. (4 w"+ 14 t«/+||e + f80 


it t 


' m 


— on Mn . . . 


. (i w"+ ^ w'+Ue + \it) 


€t t 


* n 


— on No . . . 


. (* tv"+ n W + U€ + \it) 


C« ( 


' 


— on Op . . . 


. (j^t^/+|^,^^ + ||e + HO 


it ( 


P 


— on P 5 ... 


. {2^y/f^J^^,'^^e+^t) 


tt t 


Q 


— on Q r ... 


218394 



40517.5 X 

58222.5 X 

76749.5 X 

96098.5 X 

116269.5 X 

137262.5 X 

159077.5 X 

181714.5 X 



iVT3 

J 1/13 

i V13 
JVT3 
J Vl3 

J V13 



The strains on the counter-struts given above must be used for the corresponding 
counter-struts in the right half of the truss. 

The values given above, and their fluctuations, show very clearly the office of 
counter-braces. They carry forward to the further abutment the proper proportions of 
the unbalanced weights of the moving load. We see, also, that if the moving load is 
uniform, the counter-braces are gradually relieved as the head of the train passes them, 
until, when the bridge is entirely covered, there is no strain on them at all. Thia fact 
shows how incorrect it is to attempt to calculate the strains on u bridge with the weights 
uniformly laid on without actually carrying them on panel by panel, as a train would do 
ill practice. 

Maxima Tensions on Bottom Chord. 
These will evidently be found when the entire bridge is covered by a train. Hence, 



• • • • 



[Vw' + n 

[¥«/ + « 

[¥ ^ + n 

[YmZ + h 
onifct .... Vw"+I [Vw'+H 



on rq 
on qp 
onp 
on on 
on nm 
on ml 
on Ik 






e + Ht] 

e + Ht] 
e + Ht] 

e + n <] 

c + iiO 
e + nt] 



121148 
221356 
306875 
377060 
430571 
466307 
487400 
493476 



L 
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Maxima Dired Tensions on Vertical I^. 

Each vertical tie will evidently be under its maximum tension when the strut to 
which it is attached at its upper extremity is itself under its maximum compression. 
Besides carrying the vertical weight on the strut, the tie carries the vtf tical weight borne 
at the same time by the counter-strut. Hence, 

on/i .... 40517.5 4-T^w/ + A«= 49317.5 
ouKk ... 58222.6 + A « — A<= 58852.6 
on LI .... 76749.5 4- A« = 78417.6 

on if m 96098.6 + VV « = 97488.6 

on Nn .... 116269.5 + A « = 117381.6 

on o .... 137262.5 + A « = 138096.5 

on P p .... 159077.5 + A « = 159633.6 

on Qq .... 1817145 + A « = 181992.5 

Maxima Compressions on Top Chord. 

The maxima compressions on the Top Chord will be found when the engine is at y, 
and are as follows : 

on IK .... ^ w;"+ ¥ to'+ H «+ W = 484533.66 
on^Zf .... iyiu;''4- Y^+Tt^4--W' = 463440 

on LM . . . . V- ^'+ ^ ^+ t* ^+ -W < = 427328.33 
on MN . . . . :^ u;"-f :yL k/^- If e+ Jftt < = 376132.66 
onNO .... ^t(;"-f^^-fH^-f-W-< = 308547 
on OP .... -yLti/'-f^ t^-i-H ^4- •W^ = 223746.66 
onPg ....•V^' + -¥«^ + tt^4-|t' = 120957 66 

Extra Strains. 

In this truss the joints of the top are prevented from rising by the vertical ties, and 

therefore extra strains on these ties must be provided for. They are prevented from 

falling by the struts and counter-struts, on which also extra strains may come. When the 

downward tendency is the greatest, which occurs when the entire bridge is covered by a 

train, the direct strains on the struts and counter-struts are not the maxima. We 

must find when the sum of the compression on the strut, and the one-thirty-fourth of the 

compression of the top into the secant of the angle of inclination, is a maximum ; which 

we will find for the counter-struts to be in most cases when neither of the two strains is 

at its own maximum ; and for the struts, when the direct strain is at its maximum. 

10 
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Thtal Compressions on Counter-Struts and Struis. 



Nuct 


PoamoNor 
Enoink 


DlEJICT Btjuw. 


CoMPHZstnoN IT Jocrr. 


T<n^ STBiiN. 


Be 




1100 y,\Vu 






1100 X i ViS 


Cd 


ate 

ato 


3300 X i 'v'lS 
2466 X i I'iS 


C 
C 


67408.33 
113119 


6282.6 X! Vi3 
6793 X i Vl3 


Dt 


atd 

atn 


6510 X ! i^iS 
4932 Xlv'13 


D 
D 


134386.6 
208626.66 


10462.5 X i Vi3 

11068.1 X ! Vis 


Ef 


ate 
at m 


10732 X \ >^l5 
B220 X i Vl3 


E 
E 


198915 
284813 


16582.4X1 Vi3 
16696.9X1 Vl3 


rg 


at/ 
at 17 


15772 X i Vis 
16036 X 1 v'lS 
14022 X i 1^18 


F 
F 


25759466 
281530.66 
301280 


23348.3X1 Vi3 
23316.3 X 1 Vi3 
228832 X 1 Vi3 


ah 


atg 

at A 


21636 y,\Va 

20G22 Xil/i3 




a 


308781.66 
336021.66 


30717.8X4 Via 

30475.6X1 Vl3 


Si 


at A 
att 


28322 Xi'/H 
27580 X S v'lS 


H 
H 


347925.66 
378280 


38666.1 X 1 ViS 

38700 XI Via 


Ik 


at I 
atfc 


40517.6X1 Va 
31877.6 X i 1^13 


I 

1 


364081.66 
402535 


61226.8X1 Via 
43716.8X1 Vl3 


Kl 


atfc 
at; 


68222.5 X I I'H 

49938.6 X i 1^13 


E 
K 


364140 
392868 


68922.6X1 Via 
614936X1 Vl3 


hm 


at; 
atm 


76749.5 X i ^'iS 

70613.6 X i -/IS 


L 
L 


343315 
381091.66 


86847 XlViS 
81745.9X1 Via 


Mti 


atm 
atn 


96098.5 X i Via 
90406.5 X S Vl3 


U 
M 


318762.66 
316810.33 


106474 X 1 Via 

100606.8X1 Via 


So 


atn 
ato 


116269.6 X i VTi 
111121.5 Xi ^13 


N 
N 


270039 
292719 


124211.8X1 Vi3 
119731 X I Vl3 


Op 


ato 
atp 


1372C2.6 X i Via 
132668.5 X i Vl3 






2017C6.66 
217982.66 


143196.8X1 Vl3 
139069.8X1 Via 


fl 


atp 
at<7 


169077.5 X \ Vis 

166017.6 X i Via 


P 
P 


112301.66 
120967.66 


162380.5X1 Vi3 

168576.1X1 Via 
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Selecting the largest total strains, we get the following maxima total strains of 
compression : 



Connter-ertruts — on Be 

on Cd 
on De 
on Ef 
on Fg 
on Oh 
on Hi 

Struts — T on Ik 

on Kl 
on Lm 
on Mn 
on No 
on Op 
on Pq 
on Qr 



1100 X 4 V 13 = 1322 
5793 X 4 Vis = 6962.32 
11068.1 X 4 VIS = 13302.1 
16596.9 X 4 VT3 = 19947 
23348.3 X 4 -/is = 28061.2 
30717.8 X 4 VTS = 36918.2 
38706 X 4 VT3 = 46518.8 
51225.8 X 4 V 13 = 61565.7 
68922.5 X 4 Vl3 = 82834.6 
86847 X 4 V 13 = 104377.1 
105474 X 4 V13 = 126764 
124211.8 X 4 V13 = 149284 
143196.8 X 4 VT3 = 172101 
162380.5 X 4 VTS = 195157 
181714.5 X 4 VT3 = 218394 



Total Tensions on Vertical Ties. 

The forces transmitted through the vertical ties tend to keep in place the joints of 
the Top Chord, preventing them from rising. Whenever the tendency to rise is greater 
than this transmitted force, the ties sustain a tension equal to the tenfjency to rise. If, 
however, this upward force, at its maximum, is less than the maximum direct strain, it is 
obvious that no increase of tension can come on the vertical ties. The maximum com- 
pression at /, when the entire bridge is loaded, is 483100, one-seventeenth of which is 
28418, a less quantity than the maximum direct strain 49317.5. Hence li undergoes no 
extra tension. The same reasoning applies, in a stronger degree, to the other vertical 
ties, as their direct strains are greater than the direct strain of /i, and the compressions 
at the top are less than at /. Hence no extra strains come on any of the vertical ties. 

Collecting together the parts that resist compression, and calculating their weights 
by the formula 

P = 0.00459961 X W^ X ^. 



we obtain the following : 
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Compressions. 



NAME. 


LKNOTH. 


UTKAIN. 


FIVK TIMES 
THE STRAIN. 


LBS. OF CAST- 
ntON. 


Top sefirment OP 


12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

12.5 

22.53 

22.53 

22.53 

22.53 

22.53 

22.53 

■ 

22.53 
22.53 
22.53 
22.63 
22.53 
22.53 
22.53 
22.53 
22.53 


120957.66 

223746.66 

308547 

376132.66 

427328.33 

463440 

484533.66 
1322 
6962.32 
13302.1 
19947 
28061.2 
36918.2 
46518.8 
61565.7 
82834.6 

104377.1 

126764 

149284 

172101 

195157 

218394 


604788.33 
1118733.33 
1542735 
1880663.33 
2136641 . 66 
2317200 
2422668.33 
6610 
34811.6 
66510.5 
99735 

140306 

184591 

232594 

307828.5 

414173 

521885.6 

633820 

746420 

860506 

975786 
1091970 


671.18 


" " P 


930.95 


" " ON 


1104.47 


" " NM 


1227.21 


" " ML 


1313.40 


" " L K 


1371.31 


« " K I 


1404.17 


Ootixiier-Rtmt 1> ..... t « r .... . .... 


186.60 


" P 


451.55 


" On 


637.18 


" Nm 


790.42 


" Ml 


947 . 77 


Lh 

" Ki 


1096.66 
1240.14 


Strut/ifc 


1439.49 


« Kl 

" Lm 


1685.62 
1906.16 


« Mn 


2113.72 


" No 


2305 . 81 


«« Ov 


2487.02 


^ I' • 

" P n 


2659.03 


" Or 


2823.00 


^ 1 •.•••••••••••••••••••••••• 




Total for one hall of the truss • • . 


30792.86 


Amonnt of CftRt-iron 








61585.72 













Collecting together the parts that resist tension, and calculating their weights by the 

formula 

Wl 



we obtain the following : 



T= 



18000, 
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Tensions. 



N AMI. 


LENGTH. 


8TSUN. 


FIVE TIMES 
THE STRAIN. 


LBS. OF 
WBOUGHT-IRON. 


Bottom semueiit r o 


12.5 

12.5 

12.5 

12.6 

12.5 

12.5 

12.6 

12.6 

18.75 

18.75 

18.76 

18.76 

18.75 

18.75 

18.75 


121143 
221355 
306875 
377060 
430571 
466307 
487400 
493476 
68852.5 
78417.6 
97488.5 
117381.5 
138096.5 
159633.5 
181992.5 


605715 

1106775 
1534375 
1885300 
2152805 
2331535 
2437000 
2467380 
294262.5 
392087.6 
487442.5 
586907.5 
690482.5 
798167.5 
909962.5 


420.64 


" " Of) 


768.59 


po 

" " on 


1065.54 
1309.24 


*' '* n m 


1495.04 


" " ml 


1619 . 12 


« " Ih 


1692 . 36 


• 

" " hi 


1713.46 


Vertical Me Kk 


306.52 


" LI 


408.42 


" " Mm 


507.75 


" " Nn 


611.36 


" " 


719.25 


" " P f) 


831.42 


" " On 


947.88 


Y^j ..•••••.•••••••.•• 




Total 


14417.59 












Multiply by 2 for the other half of the 
truss 


28835.18 


Vertical tie / 1 


18.75 


49317.5, 


246587.5 


256.86 






Aniount of wrouffht-iron 


29092.04 






1 
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THE MURPHY-WHIPPLE TRUSS. 

The combination in this bridge is just the reverse of that in the Jones. In this the 
inclined parts are ties and the vertical parts are posts. It is essentially the Pratt bridge 
in iron, with details from Whipple's bridge. The latter gives his ties a run of two pan- 
els instead of one as in this. We have adopted the name claimed by the builders of the 
bridge, deeming an investigation into its origin unnecessary to our purpose. 

Assumed Weights and Dimensions. 

ar =200' 

No. of panels =16 

Panel length =12' 6" 

Depth of truss =18' 9" 

Panel weight of engine = 17600 = io'-j'^ 

" " tender =16160 = w;' + < 

" cars =13152 = «/ 

« " bridge =9375 =iir" 

6 = 4418 
< = 3008 

Transmission of Strains. 

This bridge being like the one that precedes it, the strains from the weights will be 
obtained in a similar manner. The weights will be resolved along theoretical lines from 
the points of support to the ends of the Top Chord, and the principle of the counter- 
balancing of equal weights similarly situated will be observed. 

Assume a weight at m, and trace the strains developed by it. It is at once resolved 
into components along Rm produced, and Am produced. The one along Rm generates 
a tension at m, acting towards a, equal to | x tt ^ "^^^ ^^^ along A m generates a 
tension at m, acting towards r, equal to ^ X tt ^- The resultant tension at m is 
therefore ^ W acting towards r. The component along R m produced generates a 
tension of -J-J- TTX -J^/iion mif, nO, o P, p Q and g R. It generates a compression 
equal to -J-J- TT on Kn, Oo, Fp^ Qg and Rr. It generates a compresssion equal to 
I X ir ^ ^^ JV^ Jj^ OK, F 0, QF and R Q, the compressions accumulating from the 
right towards M. It generates a tension on n m, o n, po and g p, equal to f X tt 1^> 
the tensions accumulating towards m. On r y there is no tension, as the force coming 
down i? r is directly neutralized by the resistance of the abutment r. 
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Similar strains are generated by the component that goes to a, the top compressions 
and bottom tensions neutralizing each other at j9f and m. 



From Bridge Weight only. 

As in Jones' truss, we find that the equal bridge weights, similarly situated, counter- 
balance each other. Each bridge weight is transmitted entire to its nearest abutment. 
Hence, 



oni K . . . 
onk L ... 
on / if ... 
onmN ... 
on n ... 
on P ... 
onp Q . .. 
onq B ... 



Tennions on Ties. 

f t^' X i Vl3 
I to" X i ^13 
i w/' X i Vn 
* tt/'Xi'/l^ 

Jj? t^' X i 'v^ 



Tensions on Bottom Chord. 



our q 
on qp 
on po 
on on 
on n m 
onml ' 
on Ik 
on ki 



.. 



Compressions on Posts. 



on 1% 

on Kk 

on LI 

on Mm 

on Nn 

on o 

on Pp 

on Qq 
zn Br 





i w" 

JgLto" 

-ytiir" 



4687.5 
14062.5 
23437.5 
32812.5 
42187.5 
51562.5 
60937.5 
70312.6 
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Compresaiona on Top Chord. 



otlRQ ... 


. -y^t^' 


on P . . . 


. ^1^' 


on P ... 


. iytiir" 


ouO N ..., 


. ^ti/' 


on NM 


. J^w" 


on M L 


^UJ" 


on L K 


^to'' 


on K I 


^vy^ 



Effect of Moving Load. 

Hitherto we have found no tensions on the counter-ties, and therein they correspond 
with the counter-struts in the preceding bridge. As we run the train on the bridge, 
however, we find strains that gradually increase, and as gradually diminish, until, if the 
bridge is uniformly loaded, all strcdn is removed from the counter-ties, reappearing in the 
counter-ties with the opposite inclination as the train passes off the bridge. 

By a similar course of reasoning to that in the discussion of the preceding bridge, we 
find that each one of the braces is under its maximum tension when the engine is at its 
foot, the brace being inclined away from the abutment from which the train comes. The 
braces to the left of the middle are counter-ties, those to the right are ties. Hence wc 
have : 

Maxima Direct Tensions on Counter- !nes. 



on G S ... 
onb C ... 
on c i> ... 
on d E . , , 
one F ... 
onfO ... 
on g H . . , 
onh I ... 






1100X4 

3300X4 
6510 X 4 
10732 X 4 
16772 X 4 
21636 X 4 
28322 X 4 



\/l3 
>^13 

Via 





1322 
3966.1 
7824.1 
12898.3 
18955.6 
26003.3 
34038.8 



Maxima Direct Tensions on Ties. 



oni K . . 
onk L . . 
onl M . . 
onmN ,. 
on n . . 
on o P . . 
on p Q . . 
onq R . . 



(4 «o"4- 
(-y-to"+ 

(jyiM;"-f 






«« + « 

«« + « 
«« + « 

«« + « 



0Xi-/l3= 40517.5 X J •/13 = 
t) X J \/l3 = 58222.5 X 4 Vl3 = 
<)XJV13= 76749.5X^13 = 
<)XiVl3= 96098.5 X J ■/13 = 
0X4 Vl3 = 116269.5 X 4 Vl3 = 
X 4 ■/"!£= 137262.5 X 4 Vl3 = 
X 4 VW= 159077.5 X 4 Vl3 = 
X 4 Vl3 = 1817145 X 4 Vl3 = 



48696 
699747 
92241.4 
116496 
139738.5 
164931 
191187.4 
218394 
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Maxima Tensions on Bottom Chord. 

The maxima tensions will evidently be developed in the Bottom Chord when the 
entire bridge is covered. Hence, 



aa.rq. 
aaqp . 
onpo . 
on n . 
on n m . 
onml . 
on Ik . 
onib t . 



V- w" + ¥ 



W+Ue 
wf+He 
«/ + f|[c 










121143 
224303 
309452 
377632 
428762 
464873 
485967 



Maxima Direct Compressions on Posts. 

The maxima direct compressions on the posts will evidently be found when the 
braces attached to their upper extremities are under their maxima tensions. Hence 



on li 


.... 28322 • -weight 


on h I 


onKk 


.... 40517.6 - 


« 


iK 


on LI 


.... 68222.5 - 


(( 


kL 


on Jftn 


.... 76749.6 - 


tt 


IM 


on ^n 


.... 96098.5 - 


tt 


mN 


on Oo 


. . . . 116269.5 - 


tt 


n 


onPp 


. . . . 137262.5 - 


€S 


oP 


on Q J 


. . . . 159077.5 - 


tt 


PQ 


on i?r 


. . . . 1817145 - 


tt 


qB 



Maxima Compressions on Top Chord. 
These will evidently be found when the head of the train is at q. They are 



on IK 
onK L 
on L M 
on MN 
on NO 
on OP 
onP Q 
on QE 



^u^' + ^^^^ + H^ 

^w^' + ^W + iie 
^^W' + ^vy + Ue 

^W' + ^w^ + iie 

11 






493476 
487400 
466307 
430571 
377060 
306875 
221355 
121143 
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Extra Strains. 

In this bridge the joints of the Top Chord are prevented from rising by the braces 
and the transmitted weights ; and from falling by the posts. 

Total Tensions on Counter- Ties and Ties. 

There are no extra tensions on the braces in this truss, as the transmitted forces 
acting vertically downward at each joint when any brace is under its maximum direct 
tension are in all cases greater than one-thirty-fourth the then compression of the Top — 
as an examination of the Top compressions will readily show. 

Total Compressions on Posts. 

In adition to their direct weights, the posts must be strong enough to keep the 
joints of the Top Chord from deflecting when they themselves are under their maxima 
direct compressions. Hence, 

Engine at t — on /i .... 27580 + tV X 391093.33 [pnlK ]= 50585.5 
at i — on Kk .... 40517.5 + tV X 364081.66 [on KL]= 61934.1 
B,tk— on LI .... 58222.5 + tV X 364140 [on L M] = 79642.5 
at Z — on Mm .... 76749.5 + tV X 349581.66 [on M N] = 97313.1 
at m— on i^n ... . 96098.5 + tV X 318762.66 [on iV^ 0] = 114849.2 
at n — on Oo .... 116269.5 + tV X 270039 [on P ] == 132154.2 
at — on Pp ... . 137262.5 + tV X 201766.66 [on P 0] = 149131.1 
at p — on Qq .... 159077.5 + tV X 112301.66 [on Q B] = 165683.5 
at q —on Br = 181714.5 



«c 

ii 
.c 
c< 

t€ 
tt 

« 



The total compression on /i is greater when the engine is at i than when it is at A. 

Collecting together the parts that resist compression, and calculating their weights 
by the formula 

^ = 0.00459961 X W^ X^^. 
we obtain the following : 
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Compressions. 



NAME. 



Top Segment JB Q 



€€ 



« 



U 



€i 



it 



t€ 



U 



tt 



t€ 



€€ 



€€ 



t€ 



tt 



ffC 



QP 

P 
ON 

NM 
ML 
L K 
KI 



JSt 


, Kk 




LI 




Mm 




Nn 




Oo 




Pp 




Qq 




Br 



Total 



LENGTH. 



Multiply by 2 for the other half of 
the truss 



Post It 



Amount of cast-iron 



12.6 

12.5 

12.5 

12.5 

1£.5 

12.5 

12.5 

12.5 

18.75 

18.75 

18.75 

18:75 

18.75 

18.75 

18.75 

18.75 



18.75 



STRAIN. 



121143 
221355 
306875 
377060 
430571 
466307 
487400 
493476 
61934.1 
79642.5 
97313.1 
114849.2 
132154.2 
149131 . 1 
165683.5 
181714 5 



50585.5 



FTVE TIMES 
THE STRAIN. 



605715 

1106776 
1534375 
1885300 
2152855 
2331635 
2437000 
2467380 
309670 5 
398212.5 
486565.5 
574246 
660771 
745665.5 
828417.5 
908672.5 



252927.5 



LBS. OF 
CAST-IRON. 



671.73 
925.64 
1101.80 
1228.81 
1318.69 
1375.82 
1408.68 
1417.89 
1017.78 
1163.12 
1293.92 
1411.43 
1622.69 
1623.79 
1717.30 
1803.77 



21002.26 



42004.62 
913.64 



42918.16 



Collecting together the parts that resist tension, and calculating their weights by the 

formula 

Wl 



T= 



we obtain the following : 



18000, 



84 



lEON TRUSS BRIDGES FOR RAILROADS. 



Tensions. 



NAME. 


LENGTH. 


BTKATN. 


FIVE TniES THE 
BTBAIM. 


T.Bn. OF VBOUOHT- 

ntoN. 


Bottom sezment r o 


12.5 
12.6 

12 5 

12.5 

12.5 

12.5 

12.5 

12.5 

22.63 

22.53 

22.53 

22.53 

22.63 

22.53 

22.63 

22.53 

22.63 

22.53 

22.53 

22.53 

22.53 

22.63 

22.53 

22.53 



121143 
224303 
309452 
377632 
428762 
464873 
485967 

1322 
3966.1 
7824.1 
12898.3 
18955.6 
26003.3 
34038.8 
48696 
69974.7 
92241.4 
115496 
139738.5 
164931 
191187.4 
218394 




605715 
1121515 
1547260 
1888160 
2143810 
2324365 
2429836 

6610 
19830.6 
39120.6 
64496.6 
94778 
130016.5 
170194 
243480 
349873.5 
461207 
577480 
698692.5 
824665 
956937 
1091970 





«« «* Qf) 


420.64 


«* " © 


778.83 


I* ^ • 

« " on 


1074.62 


« " nm 


1311 . 22 


" " ml 


1488.76 


« «« Ik 


1614.14 


" " ki 


1687 . 38 


Counter-tie r . , t t 





" a P 


8.28 


H. -^ 

•« p 


24.83 


I* ^ •• 

" N 


48.98 


« nM 


80.74 


" m L 


118.66 


" IK 


162 . 77 


" kl 


213.07 


TieiiT 


304.82 


« kL 


438 . 02 


" IM 


577.40 


<« m K 


722.96 


" n 


874.71 


" P 


1082.41 


«« © O 


1196.76 


i' V"»»* ••• 

« n R 


1367.06 


I"** 




Total for one half of the truss. . . . 


15646.96 


Amou^^t of wrouffht-iroD .,,.,,, t 








31093.92 
















y 



y 



y 



/ 



/ 



/ 



/ 



/ 



/ 



/ 



/ 



/ 



/ 



/ 



r 



/ 



/ 



V 



/ 



/ 



/" 



1/ 



/ 



/ 



/ 



/ 



\ 



/ 



/ 



/ 



/ 



/ 



/ 



y 



/ 



r 



/' 



/ 



^. • 



\ 



O 

ft. 
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V 



y 



/ \ 



\ 



\ 



;o 



Od 



II 



Pv 



\ 



\ 



\ 



\ 



^ 



\. 



V 



\ 



\ 



\ 



\ 



\ 



\ 



\ 



VI 



\ 



\ 



\ 



\ 



\ 



\ 



\ 



\ 



\ 



\ 



\ 



''/ 



\ 



\ 



\ 



\ 



V. 



"s 



\ 
\ 
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THE POST TRUSS. 

In this truss the posts are inclined, with the run of half a panel ; the ties have a run 
of a panel and a half, and the counter-ties the same. Owing to the inclination of the 
posts, the ties run from the foot of one post to the top of the second post from it ; while 
the counter-ties run from the foot of one post to the top of the adjacent one. The Top 
Chord has a joint in the middle, but the Bottom Chord has not, having joints on either 
side of the middle, and half panels at each end. 

Assumed Weights and Measures. 

As this bridge is assumed to weigh the same as the others, we must obviously 
assume half bridge weights on the end joints of the Bottom Chord, otherwise the bridge 
will be heavier than its assumed weight We must, also, assume half weights for the 
moving load when it is at either of the end joints, as the abutments, which are nearer the 
end joints than in the other bridges, bear a greater proportion of the train weight, the 
weight of the entire train being the same as in the bridges that precede. In other words, 
we must assume, for the sixteen points of support in this bridge, the same load as for the 
fifteen of thoso that have already been examined. 

ar =200' 

No. of panels =16 

Panel length =12' 6" 

Depth of truss = 18' 9" 

Panel weight of engine = 17600 = u;' + « 

tender =16160 = w/ + < 

" " cars =13152 = 117' 

" bridge =9375 =to" 

6 = 44i8 
< = 3008 

D-ansmission of Strains. 

Equal weights similarly situated counterbalance, and each is transmitted undivided 
to its nearest abutment. 

Assume an unbalanced weight at m. It is at once resolved into components along 
the prolongations of i? m and A m. The first component will be again resolved along 
the Bottom Chord and the tie m 0. The second component, along the Bottom Chord 
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and the counter-tie m L. The two secondary components along the Bottom Chord will 
give a single one equal to their difference, acting in the direction of the greater. The 
fact of two opposite tensions being generated at m will only affect the shearing force on 
the pin, or other part connecting the tie and counter-tie. These forces, in other respects 
combined, must be calculated separately for the shearing strains at the joints. 

The component transmitted to generates a compression of the Top Chord at 
equal to -| x if ^ ^® same at Q, and \y^^W2A. It. It generates a compression on 
equal to ff TTx i V^ the same on Q q, and |-| TTon J? r. It generates a tension 
on the Bottom Chord at o equal to -| X M ^ ^^^ ^^ 9 equal to f X M ^ The tension 
at m equals ^X^W-^xUW=^W-^W=iiW. 

Similar resolutions of the other component may be made. When the transmitted 
force reaches lit is divided between li and //, and thence is transmitted to A by halves. 
Otherwise the two components act exactly alike. 



From Bridge Weight only. 

These are all balanced weights, and go to their nearest abutments. 
h and ; are i v/\ 



The weights at 



Tensions on Ties. 


on j L — 


W'X V2 


on kM 


w" X V2 


on IN .... 


2v}"X ^^2 


on mO 


2v}"X V2 


on n P 


3 u/' X V2 


on Q 


3 w" X V2 


on p R 


4 u/' X V2 


on q R 


irJ0"Xi V^iO 


^enaions on 


Bottom ChoTi 


on r q . 


... 


on qp . 


... V w/' 


on p . 


... V ^' 


on n . 


... iy w" 


on nm . 


... ^ m" 


on ml . 


,..^^w" 


on Ik . 


. . . J^A m/' 


on kj . 


... ^^u/' 


on J i . 


. . . iJX u/' 
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Compressions on Posts. 




u/' X J Vio 
2 w"Xl v^io 

2 u/' X i Vro 

3 ttT" X i ViO 

3 ttT" X i Vio 



on 


Ij .... 


on 


Kk .... 


on 


LI .... 


on 


if m 


on 


Nn .... 


on 


Oo 


on 


Pp .... 


on 


0? .... 


on 


i?r .... 



Compressions on Top Chord. 



onRQ . . 


.. ^ w/'— 48437.5 


on -P . . . 


.. ^ v^'— 85937.5 


on P . . . 


.. ^ 1^/' = 123437.5 


on iV . . . 


.. V- to" — 148437.5 


on N M . , 


.. J^u/' — 173437.5 


on M L , . 


.. xp to" — 185937.5 


on L K . , 


.. J-Ji to" — 198437.5 


on K I . . . 


.. -41. to" = 198437.5 



Effect of Moving Load. 

The effect of running a train on this bridge is the same as in the preceding ones. 
The counter-ties, on which we have found no strain from the bridge weight, are called 
into action to distribute the unbalanced moving load to the further abutment, the strain 
on them lessening after the middle is passed until, when the load is uniform, there is 
again no strain on them at all when the entire bridge is covered. As the load passes off, 
strains are developed in the counter- ties of the opposite inclination, which strains also 
reduce to when the bridge becomes unloaded. 

Running the train on from a, we find that each Counter-tie and Tie of the system 
whose lower extremities are nearer a than their upper, will be under its maximum direct 
tension when the engine reaches its lower extremity. Also, each Post will be under its 
maximum direct compression when the tie attached to its upper extremity is under its 
maximum tension. Ij and KJc have their greatest compressions when h I and iK have 
their greatest tensions. 

The Top and Bottom Chords evidently are under their greatest strains when the 
entire bridge is covered by a train. 
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Mcuxdma Direct Tensions on Countermines. 



ona B . . 
on 6 G . . 
one D . . 
on d S , . 
one F . . 
on/ O , . 
on g H .. 
onh I . . 
oni K .. 



(« ^ 





+ « e + « 



XV2 = 

XV 2;= 

0XV2: 

OXVT: 

X Vjj 
t)XV2- 

t) X V2: 
X VT: 



275 X V2^= 

1925 X V2": 

4652.5 XV2": 

8367 . 5 X V 2": 

13045.5 XV2': 

18498.5 XV 2": 

24773.5 XV2"= 

20060.25 XV 2": 



388.9 
2722.4 
6579.6 
11833.4 
18449.1 
26160.84 
35035.02 
28369.13 



Maxima Direct Tensiona on Ties. 



onj L .... 




onk M ... 




onl N . .. 




on m ... , 




on n P . . . . 




on Q 




on p 5 




on q R ... . 





( «>"+ 
( ^'+ 

(2w"-|- 
{2w"-\- 
(3w"4- 
(3w"4- 
(4 w" 4- 
iiw" + 






« e + « 
Ife + ll 

ue + n 

He + U 
Ue + U 



<)Xv^= 38069.75 X 

<)X V 2"= 33686.25 X 

<)X V 2"= 56015.75 X 

OX V2"= 53222.25 X 

<)X Vsr= 74776.75 X 
X V2'= 74215.25 X 

OX V2'= 96591.75 X 
X i ViO= 84337 X 



V2 = 
V2-= 
V2-= 



53838 . 77 
47639 . 55 
79218.24 
75267.62 



1/2"= 105750.3 
■•2"= 104956.24 
■v/T=i 136601.4 
J VlO = 88694.5 



onr 9 
on qp 
on po 
on on 
on nm 
on ml 
on Ik 
on kj 
onj i 



Maxima Tensiona on Bottom Chord. 



Y w" -f Jji w' 4- il c 4. JJ 1= 51149.66 

Y w"+ Y to-H- ^ e+^< = 170484.86 
•V- vj"4- ¥• ^-\- H e-[-W< = 254827.83 
¥■ «^'-i- V- vj>-}- a e -f Jyyi < = 338481 . 16 

ofL to" 4- J-fL w' -j- i% e-f-W< = 389968.83 
•H^ «^' + -4^ m/ + U «-|-.V^< = 441606.5 
a|J. «/' 4- -41 «;< -I- If e-fW = *62905.16 
i|i «;" -I- iji to* + Jy^ c -f Jyv^ < = 484894 



Maxima Direct Compressions on Posts. 



on /j' . . 

on K k .. 
on LI .. 
on Mm .. 
onNn .. 
on Oo . . 
on Pp .. 
on Qq . . 
on Br . . 



(to" + m "^ 

(2 to" + f $1 to' 

(3w"+mw' 

(3 10" + l-li 10' 
Y w" + -V- »«' 



-i-n 
+ « 
+ it 

+ 13 

+ « 

+ H 



« + 41 



c + Sf 
« + IJO 

e + I J 
e + iit) 
« + H 
« + W 



XiVio 
Xi Vio 
XJ Vio 
XiVK) 
Xi Vio 
X4 Vio 
XiVio 
XJ Vio 



12386.75 X 
20060.25 X 
38069.75 X 
33686.25 X 
56015.75 X 
53222.25 X 
74776.75 X 
74215.25 X 
180026 



I VlO 
J VlO 
i VlO 
J VlO 
J VlO 
i VlO 

I VlO 
i VlO 
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Maxima Compressions on Top Chord. 
These will be found when the engine is at q. They are 

on IK ....^lw'* + ^lw' + \^e + ^9.t = 487046 

on KL .... ^lw" + ^^w'-{^\ii^ + V^i = 488123 
onLM ....^^w" + ^^w' + ]^e-^^^( = 459063.33 
on MN .... iji u;" + J4± u/ + 114 e + i^V^ < = 446828.66 
on NO .... i^^ to" + V- ^ + iM « + -W ^ = 370769.33 
on P .... J^ v/' + 11 w:' + 1*1 e + tW^ ^ = 311021.66 
on P ... . ^*- t^" + V- ^ + f M « + W ^ = 217826.66 
on g 5 .... iy. to" + V w/ + f M « + W ^ = 124334.66 

Extra Strains. 

It is impossible to keep the joints of the Top Chord from tending to deflect from 
the line of the chord, and we must provide for the extra strains which any tendency to 
flexure would bring on the parts of the truss. 

The joints of the Top Chord are prevented from rising above the line of the chord 
by the tie and counter-tie at each joint, and by the transmitted weights at the joint. 
They are prevented from falling below the line of the chord by the posts, on which they 
necessarily bring extra strains. 

Totxd Tensions on Counter-ties and Ties. 

If any joint has a tendency to rise it will tend to bring on the tie and counter-tie a 
strain equal to its upward force into the secant of the angle of the brace, which is V^ 
But the transmitted force at the joint acts to hold it down. The greatest upward ten- 
dency at any joint is at K^ where, when the entire bridge is covered, it is 487046, one- 
thirty-fourth of which is 14324.9. But this is less than the maximum tension already 
provided for on all the ties, and on four of the counter-ties. No extra strains can come on 
the other counter-ties, because the transmitted weights at the joints to which they are 
attached are in all cases greater than one-thirty-fourth the top compression at the joint. 
Hence there are no extra strains on ties or on counter-ties in this truss. 

Total Compressions on Posts. 

The posts must sustain the joints of the top from falling. The greatest total com- 
pressions on them will evidently be when they are under their maxima direct compressions. 
We must then add to the compressions previously determined, one-seventeenth the then 
compression of the Top into the secant of the angle of inclination with the vertical. 

12 
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Determining then the compressions on the diflFerent segments of the Top at the time when 
the posts under them are under maxima direct compressions, we have as follows : 



12386.75 + tV X 371162.83) X i^/lO = 34219.85 X i^lO = 36070.9 
20060.25 + tV X 344416.5 ) X W^ = 40320.05 X W^ = 42501.1 
38069.75 + tS X 339228.83) X i VlO = 58024.4 X W}0 = 61163.2 
33686.25 + tt X 350800.83) X J VlO = 54321.6 X W}^ = 57260 
56015.75 + iV X 297874.16) X i>^10 = 73537.75 X iV^^ == 77515.57 
53222.25 + tV X 260239.16) X W^ = 68530.45 X iV^ = 72237.4 
74776.75 + tV X 187645.5 ) X W^ = 85814.75 X J V^IO = 90456.66 
74215.25 + tV X 122687.16) X 4^10 = 81432.15 X i VlO = 85837 



on Ij .... 
on Kk .... 
on LI .... 
on Mm . • . • 

on -^71.... 
on ... . 
on Pp .... 
on Q q .... 
onBr .. . 180026. 



We have found no strains on a B,r Q, ah and q r. The former are chiefly used for 
bringing a strain on the posts Bb or Qq when the bridge is unloaded, which strain dis- 
appears when the moving load covers the bridge. They keep a constant pressure on b 
and q, so that when the engine comes upon the bridge it finds all the parts in close con- 
nection, ready to receive and transmit the strains that belong to them, and any shock or 
depression from the sudden application of the weight of the engine is avoided. 

The segments ab and qr are necessary to resist the compression generated by the 
strain put upon a B and r §, and also to connect b and q with the abutments and prevent 
longitudinal motion in the bottom of the truss from the horizontal pull made by the 
friction of the engine on the track. 

In this truss there is a little less maximum strain on Rr than in the others. This 
is due to the necessarily smaller proportion of e borne by J? r in this combination, though 
it sustains a slightly larger proportion of t. More of e comes directly on the abutment. 
The absence of a joint at the middle of the Bottom Chord slightly lessens the total strains. 

Collecting together the parts that resist compression, and calculating their weights 
by the formula 

P = 0.00459961 X W^ X^ 
we obtain the following : 



r 
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Compressions. 



NAME. 



c< it 


i«v ^.m Y .•••.■..>......... 

OF 


it it 


P 


it it 
it it 


ON. 

NM 


it it 


ML 


it it 


L K 


it t* 


KI 


Tost I i ... 




" Kk 


" LI 


" Mm 


« Nn 


" Oo 


« Pp 


« Oo 


VY 

« Br 



Total for one half of the truss 
Amount of cast-iron 



LENGTH. 



STRAIN. 



12.5 


124334.66 


12.5 


217826.66 


12.5 


311021 . 66 


12.5 


870769.33 


12.6 


445828.66 


12.6 


469063.33 


12.5 


488123 


12.5 


487046 


19.76 


86070.9 


19.76 


42601.1 


19.76 


61163.2 


19.76 


57260 


19.76 


77616 . 67 


19.76 


72237.4 


19.76 


90456.66 


19.76 


86837 


18.76 


180026 



FIVE TIMES 
THE 8TBAIN. 



621673.3 
1089133.3 
1555108.3 
1853846.7 
2229143.3 
2295316.7 
2440615 
2435230 

180354.5 

212505.5 

305816 

286300 

387577.85 

361187 

452283.3 

429185 

900130 



LBS. OF GAST- 
IBON. 



681.11 

915.52 
1109.45 
1217.87 
1343.34 
1364.41 
1409.69 
1408.03 
843.76 
920.69 
1117.89 
1078.88 
1267.47 
1220.81 
1375.96 
1338.12 
1794.86 



20407.86 
40814.72 



Collecting together the parts that resist tension, and calculating their weights by thb 

formula 

Wl 



r= 



18000, 



we obtain the following : 
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Tensions. 



NAME. 



Bottom segment q p 

p o 
on 
nm 
m I 
Ik 
k % 



Counter-tie q P 
" pO 
" oN 



i€ 



t€ 



U 



nM 
mL 
IK 



" kl 

" jH 



Tie jL 


i€ 


kM 


t€ 


IN 


tt 


mO 


tt 


nP 


*€ 


oQ 


*€ 


pR 


t€ 


qR 



Total 



Multiply by 2 for the other half of the 
truss 



Bottom segment j i , 



Amount of wrought-iron. 



LENGTH. 



12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
26.5 
26.5 
26.5 
26.5 
26.5 
26.5 
26.5 
26.5 
26.5 
26.5 
26.5 
20.5 
26.5 
26.5 
26.5 
19.76 



12.5 



STBAJN. 



51149.7 
170484.86 
254827.83 
338481.16 
389968.83 
441606.5 
462905.16 
388.9 
2722.4 
6579.6 
11833.4 
18449.1 
26160.8 
35035 
28369.1 
53838.8 
47639.6 
79218.2 
75267.6 
105750.3 
104956.2 
136601.4 
88694.5 



484894 



FIVE TIMES 
THE STRAIN. 



255748.5 
852424.3 
1274139.15 
1692405.8 
1949844.15 
2208032.5 

2314525.8 
1944.5 

13612 

32898 

59167 

92245.5 
130804 
175175 
141845.5 
269194 
238198 
396091 
376338 
528751.5 
524781 
683007 
443472.5 



2424470 



LBS. OF 
WBOUGHT-mON. 



177.60 

591.96 

884.82 

1175.28 

1354.06 

1633.86 

1607.31 

2.88 

20.14 

48.69 

87.56 

136.52 

193.58 

259.25 

209.92 

398.39 

852.52 

586.19 

556.96 

782.52 

776.64 

1010.81 

486.94 



13233.90 



26467.80 
1683.66 



28151.46 
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THE TRIANGULAR TRUSS. 

This truss is a modification of the truss known in England as the Warren girder, 
and quite extensively used there and in India. The true Warren girder is a series of 
wrought-iron equilateral triangles with vertices alternately up and down, the bases 
forming alternately the Bottom and Top Chords. In adapting it proportionally to long 
spans, the sides of the triangles become so large that it is necessary to introduce vertical 
ties to support the middle points of the segments of the Lower Chord. Sometimes posts 
are likewise introduced to support the middle points of the segments of the Top Chord. 
We have calculated the bridge without these posts, and also with them, assuming that 
their oflBce is merely to diminish the amount of metal in the segments of the Top by 
halving their lengths. These posts will have to sustain strains of compression while 
preventing the joints to which they are attached from sinking, and of extension while 
preventing them from rising. 

In the Warren girder the parts are made of wrought-iron, because the combination 
is such that most of the parts change their strains from compression to tension, and vice 
versa as the train crosses the bridge. This sudden reversal of strains cannot but be a 
very severe test for any kind of material, and to avoid it the Warren girder, as modified 
in this country for long spans, has its struts made hollow, with wrought-iron ties passing 
through their cavities. Thus each brace has a dual composition, each strain coming on 
the material best adapted to resist it In the drawing the braces are drawn with both 
red and black Unes to show this arrangement more clearly. 

The intermediate supporting posts will be made like the struts, hollow, with wrought- 
iron vertical ties inside. 

Assumed Weights and Dimensions. 

ar =200' 

No of panels. =16 

Panel length = 12' 6" 

Depth of truss = 18' 9" 

Panel weight of engine = 17600 = w -{-e 

•« " tender. = 16160 = ii/+ / 

«« " cars. = 13152 = v/ 

•• « bridge = 9375 = wf' 

e = 4448 
<=3008 
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Transmission of Strains. 

The same principles in regard to the transmission of balanced and unbalanced 
weights hold in this bridge as in the preceding. 

A weight at m is at once transmitted to M^ and there is resolved into components 
along Ma and Mr exactly as an unbalanced weight in the Jones bridge. The only 
difference is that the tensions at n and p are each -| X H ^ *^^* ^* ^ being f X H TT! 
The compressions at and Q are each ^ X H ^ ^^ resolution at beiog between M 
and Op. 

An unbalanced weight at I is at once resolved along the lines 2^ and IRin the same 
way as in the Murphy- Whipple truss. The compressions generated at M^ 0, and Q are 
each iXH^- The tensions at n andjp are | XH^ ^^^ ^^ r \X\^W. 

From Bridge Weight only. 

Under the action of the balanced and constant bridge weights, we see that the 
braces are alternately ties and struts. We will see afterwards how strains of compression 
come upon the ties, and of extension on the struts. 

Tensions on Ties. 

oniK .... I u/'X J Vl3 
on/if .... I t/7"Xl Vl3 
onnO .... i io"X i V13 
onpQ .... Y^'Xi Vl3 

Compressions on Struts. 

onKl .... I w;"X J V13 
on if n.... i ii/'Xi Vl3 
on Op .... JgLii/'X i Vl3 
ongr ....J/^u^'XiVTS 

Tensions on Bottom Chord. 

on rp ....J/ to" 
onpn ....^v/' 

onnZ A^ w/' 

onZi ^^ 
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Tensions on Vertical Ties. 

onk K . . . . lo" 
on m if ... . kt" 
on .... w" 
onq Q w" 

Compressions on Top Chord. 

on Q .... yu;" 

on MK ^lo" 

on KE .... Yu;" 

Effect of Moving Load. 

The eftect of running a train on this bridge is the same as on any other. .\.s the 

engine passes the middle point, the weights in succession balance on either side and are 

transmitted entire to their nearest abutments. As the inclined parts of this bridge do 

double duty, it is necessary to point out in advance how the braces act. It is as 

follows : 

a B .... as Strut. 

Be .... as Counter-strut and Tie. 

c D .... as Strut and Counter-tie. 

D e .... as Counter-strut and Tie. 

e F .... as Strut and Counter-tie. 

Fg .... as Counter-strut and Tie. 

g H .... as Strut and Counter-tie. 

Hi .... as Counter-strut and Tie. 

i K .... as Counter-strut and Tie. 

Kl .... as Strut and Counter-tie. 

I M .... as Counter-strut and Tie. 

Mn .... as Strut and Counter-tie. 

n .... as Counter-strut and Tie. 

Op .... as Strut and Counter-tie. 

p Q .... as Counter-strut and Tie. 

Qr .... as Strut 

They undergo their maximum strains under the same circumstances as in previous 
bridges, namely : 

Each Counter-tie is under its maximum direct tension when the head of the train is 
at its foot, the train coming from the nearer abutment. 
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Each Tie is under its maximum direct tension when the head of the train is at its 
foot, the train coming from the further abutment. 

Each Counter-strut is under its maximum direct compression when the head of the 
train is under its top, the train coming from the nearer abutment. 

Each Strut is under its maximum direct compression when the head of the train is 
under its top, the train coming from the further abutment. 

Maxirna Direct Tensions on Counter- Ties. 

on cD .... (^ w'-f ^e ) X i VT^= 3300 X J VTS= 3966.1 

oneF .... (fj u;'+ ^ e + ^^ <) X J Via = 10730 X i Vld = 12895.9 
ongH .... (H «^'-i- 14 ^ + A X 4 Vl3 = 21636 X i VT^= 26003.2 

Maxima Direct Tensions on Ties. 

on i Z . . . . ( i u/' + ff U/ + 14 e + 1^1 X J Vis = 40517.5 X i Vl3 = 48696 
on Z if . . . . ( 4 w;" + «| t(/-f- il ^ + fg X J Vis = 76749.5 X i Vl^= 92241.4 
on n . . . ( f w^'+ fl m;' + H e + if X i Vl3 = 116269.5 X i Vl3 = 139738.6 
mpQ .... {i^w" + ^vy+^ ^ + fl X i VTS = 159077.5 X i Vl3 = 191187.4 

Maxima Direct Compressions on Counter-Struts. 

on Be .... {^^w' + ^e ) X 4 VW = 1100X4^2? 

onZ^e .... (T^t(/ + VV^ + TV0X4 Vl3= 6510X4^^13 

onFg .... («u'' + Vie + VVOX4>^=15772X4V^ 
onJETi .... (|«u/ + ||e + A0X4 ^^13 = 28322X4 Vl3 

Maxima Direct Compressions on Struts. 

onKl ....(it^'+ H ^+«« + ltOX4v^l3= 58222.5 X 4 V13 
on ifn ....( J ttT" + ff to'-f fi c + IJ X 4 '/13 = 96098.5 X 4 Vl3 
on Op . . . . ( V t^" + H ^' + H ^ + H X 4 -/i3 = 137262.5 X 4 V 13 
on r . . . . (Jj^ m;" + W ^' + H « + *l X 4 V 13 = 181714.5 X 4 V 13 

Maxima Tensions on Bottom Chord. 

onpr .... Y«^"+ ¥ w^+tl^+ T* < = 121143 
onnp.... iytu/'+ Y ^+H« + -^^ = 309479 
on Zn . . . . :^ t^' 4- H^ u/ 4- If e + W < = 428695.66 
on t Z . . . . ^ u/' 4- ^^ «^ + It « + W = 4^967 

onkK . . . . k;'' + u/ = 22527 
on m if . . . . 117" + t^ = 22527 
on o . . . . K?" -f w' = 22527 
on7<? .... ti?" -f u/= 22527 
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Maxima Compressions on Top Chord, 

As in other trusses, these will be found when the entire bridge is covered — ^they are 
as follows * 

ouHK .... 4|^ ttT" + 4|^ «/ + f} 6 + ff< = 492042.66 
onJrif....^tt7"4-^tt7'+|fe + f^< = 464873 . 63 
onMO .... iyii^/' + ^tt7' + f|e+f}^ = 377632 
on OO .... ii|iw" + y «/ + ^e + f4< = 224302.66 

Extra Strains. 

Any tendency of the joints of the Top Chord to fall below the line of the chord must 
bring extra strains on the struts. Any tendency to rise above the line of the Top, that is 
not counteracted by an equal or greater transmitted weight acting downward, must be 
met by the vertical ties or by the ties proper. The former are fastened at their lower 
extremities to the Bottom Chord, which resists flexure ; and being, in direction, directly 
opposed to the upward force, we may conclude that they, rather than the two inclined ties, 
will resist it. 

Total Thnsions on Vertical Ties. 

The only extra strain comes onhK\ because, when the entire bridge is loaded, the 
direct strain on hK \& 22527, the compression at K is 464873.33, ^th of which is 
27345 . 5; and the transmitted downward weight at K (other than the w'' that comes 
through Kk) is i t^' = 4687.6. Subtracting this from the upward force, we get 22658, 
which must be sustained by h K. 

At if the transmitted weight is \ w'\ much more than the ^^th of the Top compres- 
sion, and hence there is no extra strain onmM. For stronger reasons there is none on 
0, and, as there is no rising or falling at §, of course there is none on q Q. 

Total Compressions on Counter-Struts and Struts. 

The greatest total compressions on the struts will not necessarily be when they are 
under their maxima direct compressions. The amount to be added to each strut is one- 
thirty-fourth of the then compression of the Top at the joint in question, multiplied by 
the secant of the inclination. We will compute the siun of the direct strain and the 
extra strain when the engine is at different positions, and take the sum that is greatest. 

No extra strain can come on Ba and Be, nor on Qr and Qp, and we will therefore 
neglect them. 
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Total Strains on Braces. 



Nun. 


Fooxioirar 
Enoihx. 


DiBIOI Stsain. 


COHPBBSSION AT JoiHT. 


■ 
ToTUi Stsum. 


€t 
tt 
U 


at<2 
ate 
at/ 
at A 


6510 Xi^/ia 

6330 XlVl3 
6872 X i Vl3 
4932 XkVlS 


D 
D 
D 
D 


136626.66 
162446.66 
165266.33 
210270.66 


10525.5 X i v'lS 

10813.7 X i Vn 

10732.7 X I "/is 

11116.4 X \ -v^is 


Fg 

€t 
*€ 


at/ 
tktg 
ail 


15772 Xiv'lS 
15036 X i 1^13 
12330 Xil/l3 


F 
F 

F 


264443 
287888 
345712 


23649.7 X J v'lS 
23503.3 X i v'iS 
22498 Xi'V'lS 


Hi 


at A 
att 


28322 Xi'*^!^ 
27030 XlVl3 


H 
H 


351051 
391094 


38647 X i Vl3 
38533 Xiv'lS 


Ki 


tAk 


58222.5 X J Vl3 


K 


864140 


68932.5X1^^13 


Mn 


atm 


96098.5 X J Vl3 


Id 


318763 


105473.9 X i ■V^iS 


Op 


at 


137262.5 X J Vi3 





201767 


143196.8 Xi ■/is 



Selecting the greatest strains, and including the other braces, we have 



on £ c . . 


. . 1100 X 4 V 13 = 


1322 


onDe ... 


.. 11116.4X J Vl3 = 


13360.26 


on Fg . . 


.. 23549.7 Xi"*^ 13 = 


28303.2 


on ffi . . , 


.. 38647 XiVl3 = 


4644a 


on Kl ... 


,. 68932.6 X J V 13 — 


82846.5 


on Mn . . . 


.. 105473.9 Xi V 13 — 


126763.8 


on Op . . 


.. 143196.8X4 Vl3 = 


172101 


on Qr ... 


. . 181714.5 X 4 V 13 — 


218393.9 



Collecting together the parts that resist compression, and calculating their weights 
by the formula 

P = 0.00459961 X W^ X ^. 
we obtain the following : 
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Compressions (1st Case). 



NAME. 



Top segment Q 



t€ 



it 



it 



€€ 



OM 
MK 



Connter-strat Qp 

On 
Ml 
Ki 



it 



a 



it 



a 



Strut Kl 
" Mn 
" Op 
Qr 



a 



Total 



Mtiltiplj by 2 for the other half of 
the trass 



Top segment K H 



Amount of cast-iron 



LBNOTH. 



26 

26 

26 

22.63 

22.63 

22.63 

22.63 

22.63 

22.63 

22.63 

22.63 



STRAIN. 



26 



224302.66 

377632 

464873.33 
1322 
13360.3 
28303.2 
46448 
82846.6 

126763.8 

172101 

218393.9 



492042.66 



VlVJt TDOB 
TBX 8TB&IH. 



1121613.3 
1888160 
2324366.7 
6610 
66801.6 
141616 
232240 
414232.6 
633819 
860606 
1091969.6 



2460213.3 



LBS. at 
OtBS-TBOS. 



8489.28 

4603.26 

6177.11 

186.60 

638.71 

962.11 

1239.13 

1686.76 

2113.72 

2487.02 

2823.00 



26396.78 



60791.66 
6299.19 



66090.76 



Collecting together the parts that resist tension, and calculating their weights by the 

formula 

Wl 



T= 



we obtain the following : 



18000, 
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Tensions (1st Case). 



HAME. 


LENGTH. 


STBAIK. 


FTVE TIMES THE 
STBATN. 


LBA OP WBOUOHT* 
ntOK. 


Bottom sesment r v 


25 

25 

25 

25 

22.53 

22.53 

22.53 

22.53 

22.53 

22.63 

22.63 

18.75 

18.75 

18.75 

18.75 


121143 

309479 

428695.66 

485967 
39G6.1 
12895.9 
26003.2 
48696 
92241.4 

139738.6 

191187.4 
22658 

22527 

22527 

22627 


605715 

1547395 
2143478.3 
2429835 
19830.5 
64474.6 
130016 
243480 
461207 
698693 
955937 
113290.6 

• 

112636 
112635 
112635 


841.27 


" " nn 


2149.16 


Z'*" • 

" " nl 


2977.05 


" " li 


3374.77 


Cotmter-tie v 


24.83 


Mn 


80.72 


" Kl 


162 . 77 


Tie iTi 


304.82 


" Ml 


557.40 


" On 


874.71 


« On 


1196 . 76 


V/' • 

Vertical tie K k 


118.01 


LI 




" Mm 


117.33 


" N n 




« Oo 


117.33 


" Pn 




« Oo 


117.33 


Vx • • ••• 




Total for one-half of the truss. . . . 


13014.26 


Amnimt of xn^nncyVit-iroTi 








26028 . 52 














Introducing Intermediate Posts. 

Our previous calculations have been based upon the supposition that each segment 
of the Top Chord was of the length of two panels. If, now, we cut these long top seg- 
ments into two shorter ones, each of the length of one panel, we must introduce a 
member to keep the joint in question from rising above, or falling below, the line of the 

Top. 

A simple post will prevent the joint from falling, and a vertical tie will prevent it 
from rising. Following the same plan with these as with the braces, we will make the 
post hollow and will insert the tie in the cavity. 



IRON TRUSS BRIDGES FOR RAILROADS. 



101 



The strain on either post or tie will be, as in similar cases, one-seventeenth of the top 
compression at the joint. 

We found before, in discussing the Fink truss, that there is 87 per cent, more metal 
in a long post than there is in two short ones, under the same strain and with but half 
the length. This saving in the Top Chord is in some measure made up by the weight of 
the new member. 

Collecting together our new compressions, and calculating them as before, we get : 

Compressions (2d Case). 



N A MB. 



Top segment Q P 



«c 



<c 



it 



C( 



(( 



<c 



p 0. 

ON. 
NM. 
ML. 
LK. 
KI . 



Toet LI 
" Nn 



" Pp 

Connter-starat Qp 

On 
Ml 
Ki 



M 



«l 



it 



ti 



StratJri 


«< 


Mn 


« 


Op 


(« 


Qr 



Total. 



LENOTH. 



Mnltiply by 2 for the other half of the 
truss 



Post li 



Amount of cast-iron 



12.5 

12.6 

12.6 

12.6 

12.6 

12.5 

12.5 

18.75 

18.75 

18.75 

22.53 

22.53 

22.53 

22.53 

22.53 

22.53 

22.63 

22.63 



18.75 



STBAIN. 



224302 . 66 
224302.66 
377632 
377632 
464873.33 
464873.33 
492042.66 
27346.5 
22213.6 
13194.3 
1322 
13360.3 
28303.2 
46448 
82846.5 
126763.8 
172101 
218393.9 



28943.7 



FIVE THUS 
THE STBAIM. 



1121513.30 

1121513.30 

1888160 

1888160 

2324366.66 

2324366.66 

2460213.3 

136727.5 

111068 
65971.6 
6610 
66801.5 

141516 

232240 

414232.5 

633819 

860505 
1091969.6 



144718.6 



LBS. OF OAST- 
IBOK. 



932.18 

932.18 

1229.81 

1229.81 

1383.09 

1383.09 

1416.70 

668. C9 

689.76 

447.02 

186.60 

688.71 

952.11 

1239.13 

1686.76 

2113.72 

2487.02 

2823.00 



22327.36 



44664.70 
678.89 



45333.69 
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Collecting together the new tensions, and calculating the weights as before, we get : 

Tensions (2d Case). 



NAME. 



Bottom segment rp 






tt 



tt 



tt 



pn 
nl 
li 



Counter-tie Op 



tt 



tt 



tt 



Mn 



« Kl 



TieiTt 



« Ml 

" On 

" <?!> 

Yertical tieiTI; 

. « ''LI 

«• " Jfm 



tt 



tt 



tt 



M 



•• Nn 

'* Oo 

" Pp 

« Qq 



Total. 



Multiply by 2 for the other half of the 
truss 



Vertical tie li 



Amount of wrought-iron. 



LENOTH. 



25. 

25. 

25. 

25. 

22.63 

22.53 

22.53 

22.53 

22.53 

22.53 

22.53 

18.75 

18.75 

18.75 

18.75 

18.75 

18.75 

18.75 



18.75 



8TEAIK. 



121143 

309479 

428695.66 

485967 
3966.1 
12895.9 
26003.2 
48696 
92241.4 

139738.6 

191187.4 
22658 
27345.5 
22527 
22213.6 
22527 
13194.3 
22527 



28943.7 



FIVE TIMES 
THE STRAIN. 



605715 
1547395 
2143478.3 
2429835 
19830.5 
64474.5 
130016 
243480 
461207 
698693 
055937 
113290 
136727.5 
112635 
111068 
112635 
65971.5 
112635 



144718.5 



LBS. OF 
WBOUOHT-IRON. 



1 



841.27 

2149.16 

2977.05 

3374.77 

24 83 

80.72 

162.77 

304.82 

667.40 

874.71 

1196.76 

118.01 

142.42 

117.33 

116.70 

117.33 

68.72 

117.33 



13341.10 



26682.20 
150.75 



26832.96 



^ 



i 



\ 



X 



w 

> 
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THE LINVILLE TRUSS. 

This truss is a modification of one of the Whipple bridges, the Murphy- Whipple 
being a modification of another. It differs from the Murphy-Whipple bridge in having 
what is called a double intersection, the run of the braces being two panel lengths instead 
of one ; each brace, therefore, crosses its adjacent post. The diagram shows its construc- 
tion clearly. The posts are vertical and for sake of comparison we will assume them to 
be made of cast-iron ; the braces arc inclined and are made of wrought-iron. 

No calculations have been made upon the original Whipple bridges, for, though they 
were great improvements in scientific bridge-building at the time they were invented, 
ihey would require before discussion the introduction of various parts that would make 
them either the Murphy-Whipple or the Linville modifications. 

Assumed Weight and Dimensions. 

ar =200' 

Number of panels =16 

Panel length = 12' 6" 

Depth of truss =25' 

Panel weight of engine = 17600 = uf'\-e 

"tender = 16160 = ti/ -f ' 

" " "cars =13152=11/ 

" " "bridge = 9375=t£/' 

e = 4448 
t = 3008 

We have made the depth of the truss twenty-five feet, as in no other way could we 
secure panel lengths of twelve and a half feet, whilst conforming to the practice of the 
builders of the truss. The increase in depth of truss is no loss, as what is lost by 
increasing the lengths of posts and braces is made up by the diminution of the strains. 
The comparison with other trusses will be more just if we retain the same panel length 
and number of panels, than if we change them in order to secure the same depth of truss. 

Transmission of Strains. 

Balanced weights are transmitted, as in all the preceding trusses, wholly to the 
nearest abutment. 

An unbalanced weight at m, for instance, is at once resolved into two components 
along the theoretical lines m A and m R. Following the component along m JB, we find 
it resolved into one along mr, which diminishes the bottom tension produced by the 
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component along m A, and one producing tension on m 0. This last produces compres- 
sion on the Top Chord at 0, compression on the post o, tension on the Bottom Chord 
at 0, tension on o Q, compression on the Top Chord at Q, compression on Q q, tension on 
the Bottom Chord at g, tension on q B, compression on the Top Chord at JB, and com- 
pression on the end post H r. The other component, along m A, would produce similar 
eflfects, which are shown on the diagram of the truss. 

From BRmoB Weight only. 



Tensions on Ties. 



oni L . 
onk M . 
onlN . 
on m . 
on n P . 
ono Q . 
onp B . 
onq E . 



f u/' X ^2 

2 w" X ^^ 
f V}" X V2 

3 w" X V2 

4 1//' X i V^ 



Tensions on Bottom Chord. 



onr q 
on qp 
onp o 
on on 
on nm 
on m Z 
on Ik 
onk I 



.. 



Compressions on Posts. 



on Ji 
on Kk 
on LI 
on Mm 
on Nn 
on 
on P p 
on Qq 
on Br 






2 u/' 
f u/' 

3 u;" 
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Compressions on Top Chord. 



onRQ .. 


.. J^k/' 


onQ P .., 


., V-«^' 


on P d . . . 


..^uf' 


onON ,., 


.. jyiK/' 


on NM .., 


,.^1J0f' 


on M L . . . 


.. ^w/' 


on L K .., 


.. ^k/' 


onKI .., 


.. Vto" 



Effect of Moving Load. 

Id this bridge the ties and counter-ties sustain the maxima direct tensions when the 
head of the train is at the same places as in the Murphy- Whipple. The top and bottom 
chords and end posts are evidently most strained when the entire bridge is covered by 
the train. The intermediate posts sustain the greatest compressive strains when the ties 
attached to their upper extremities are under their greatest tensile strains. 

Maxima Direct Tensions on Counter- Ties. 



on a B . . . 









on a C ... 









onbD . .. 


• (tV«c' + A«) Xv^- 


1100X^2 — 


1555.6 


on cE .. 


• (A^^ + Ac) XV2- 


2200 X V2 — 


3111.3 


OTudF ... 


■ (A«^ + A« + A0XV2- 


4310 X ^"2 — 


6095.8 


oaeO ... 


• (A«»' + A« + A0XV2- 


6420 X ^2"= 


9079.3 


on/H . . . 


• (A'»' + A« + A0XV2- 


9352 X V 2 — 


13226.7 


ongi ... 


■i.\i^ + 'So + '^i)XV^- 


12284X^2 — 


17372.2 


on hK .. . 


•(««" + T^e + T!V<)XV2_ 


16038 X VT— 


22681.2 



Maxima Direct Tensions on Ties. 



oniL . . 
on kJ£ .. 

on IN .. 
on mO .. 
on nP . . 
on o Q . . 
onpB .. 
on qE .. 



(4«^' + 
( W'+ 

(2«>" + 
(*«/' + 
(3w" + 

(4m;" + 



««»' + Ac + A<)XV2^= 

14 



24479.5X^2"= 34619.2 
33743 XV 2"= 47719.8 
43006.5 XV2"= 60820.4 
53092 XV 2"= 75083.4 
63177.5 XV2= 89346.6 
74085 X V'2 = 104772 
84992.5 X V2 = 120197.6 
= 96722 XiV5 = 108138.6 
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Maxima Tensions on Bottom Chord. 



With the head of the train at q we get 



on J r . . . . 


onpq ..., 


on op .... 


on n 


on m n . . . . 


on Z m 


on ^ Z 


on i ib .... 





2 w"+ 2 uf-\-^e-\-^ 

■V- «^' + -V- to- + li c + f J 
■Hit w" + Jf to* + Jf e + H 

3^ wf> + 3^ vf -\- ^ e -{- i^ 
Y«^' + ¥«^ + 3f e + JJ 



= 48083 
= 132519.5 
= 201702.5 
= 258968 
= 303180 
= 335662.5 
= 357347.5 



Maxima Direct Compressions on Posts. 



on li ... 


■{■f«^ + A« + A<- 


12284 


on Ek 


+f'«' + A« + A<- 


16038 


on Z Z ... 


. i v/> + i%w' + .^e-\.^t- 


24479.5 


on Mm .... 


t^' + ff«^ + Ac + A<- 


33743 


on Nn .. ., 


, 1 w"-\-liu/ + ^e-\-^t- 


43006.5 


on . . . . 


2 «;" + f|«/ + ||e + A<- 


53092 


on Pp .... 


, 4 to" + t|«,' + i|e + |*<- 


63177.5 


on Qq 


3 «/' + H«^ + iie + H< = 


74085 


on jBr 


Ji/i «/' + J,4 to* + 11 e + fi < = 


181714.6 



Maxima Compressions on Top Chord. 



As before, the entire bridge is loaded. They are- 



on IK 
on KL 
on LM 
on MN 
on NO 
on OF 
on FQ 
on QE 









e + Ui 

e + il^ 
e + Ut 



370761 

371603 

361647.5 

339962.6 

306728 

261952 

203378.5 

133353.5 



Extra Strains. 

The tendency of the joints of the Top Chord to get out of line by upward divergence 
must be met by the braces at the joints. The tendency to divergence downwards must 
be met and resisted by the posts. 
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Total Tensions on Counter- Ties and Ties. 

The upward tendency of the joints of the Top Chord is, in a great measure, counter- 
acted by the transmitted weights. The maxima values of these upward forces on a single 
brace are -^Xh the maxima compressions of the Top Chord. These are 

at or D .... ^ X 261952 = 7704.6 
at iV^ or JE? .... ^X 306728= 9021.4 
at if or P . . . . ^ X 339962 = 9998.9 
at Z or O .... ,1, X 361647 = 10636.7 
at iTor ^ . . . , jJy X 370761 = 10904.7 
at / . . . . ^ X 370770 = 10905 (engine atp). 

At P and Q the transmitted weights are always much greater than the -^th of the 
top compression, and therefore there is no tendency to rise at these points. The 
transmitted weights are also greater than the upward force at 0, N, M and L, and 
therefore no extra strains can be brought on the braces that meet at these points. At / 
and J5r there are no transmitted weights (except parts of e and t) when the entire bridge 
is covered, and therefore the braces at these points must be strong enough to resist 
these upward forces ; but the ties that meet at these points are already strong enough 
to resist these upward forces. We need therefore only strengthen the counter-tie m K^ 
or its equal /£r, and //, or ^ /. Hence, 

on/H .... 10904.7 XV^= 15421.6 
on <7 / .... 10905 X V2 = 15422 

Totai Compressions on Posts. 

The posts must be able to sustain ^th the greatest local top compression when 
they are under their maxima direct compressions. They remain under their maxima 
compressions after the engine has passed to the panel beyond them ; and sometimes there 
is but little diminution in their direct compressions after the engine has gone forward 
more than one panel. Calculating the required top compressions, we have on the posts : 

Engine at ifc — on /i .... 10992 + tV X 321854 = 29924.6 

Bit —on Kk .... 16038 + tV X 285301 = 32820.4 

e^i k —on LI .... 24479.5 + tV X 289976.5 = 41537 

at Z — on if m ... . 33743 + tV X 283689.5 = 50430.6 

at rw — on i^Tn ... . 43006.5 + tV X 265618 = 58631 

at n — on ... . 53092 + tV X 234118 = 66863.6 

at — on Pp .... 63177.5 + tV X 188367.5 = 74257.9 

at/) — on Qq .,.. 74085 + A X 126722.5 = 81539.3 

on Rr = 181714.5 



« 

«« 
it 
tt 

€t 
€€ 
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We have found no strains on r q or ab; but there is the same necessity for them 
that exists in the Fink, the Bollman, the Murphy-Whipple, and the Post — ^to prevent the 
pull of the drivers of the locomotive from moving the Bottom Chord. 

Collecting together the parts that resist compression, and calculating their weights 
by the formula 

P = 0.00459961 X W^ X ^ •"**» 

we obtain the following : 



Compressions. 



K AUE. 



rffc ^^ r* "^^n "* ^^' 
tt it 


OF 


€i ti 


P 


t€ €t 


ON 


U t€ 


NM 


tt tt 


ML 


tt tt 


L K 


tt tt 


KI 


Post Kk .. 




" LI 


« Mm 


" Nn -- 


" Oo . 


• 


« Pp 


A ^ •••••••••..•• 

« On 


v^ •• ..•• •■ 

" Br 



Total 



Multiply by 2 for the other half of the 
trass 



Post /t 



LENGTH. 



12.5 
12.5 
12.5 

12.6 

« 

12.5 

12.5 

12.5 

12.5 

25 

25 

25 

25 

25 

25 

25 

25 



Amount of cast-iron, 



25 



STRAIN. 



133353.5 
203378.5 
261952 
306728 
339962.5 
361647.5 
371603 
370761 
32820.4 
41537 
50430.6 
58631 
66863.6 
74257.9 
81539.3 
181714.5 



29924.6 



FIVE TIMES 
THE STBAIN. 



666767.5 
1016892.5 
1309760 
1533640 
1699812.5 
1808237.5 
1858015 
1853805 
164102 
207685 
252153 
293155 
334318 
371289.5 
407696.5 
908572.5 



149623 



LBS. OF CAST- 
IBON. 



706.93 
884.86 
1012.38 
1101.02 
1162.95 
1201.84 
1219.32 
1217.85 
1255.31 
1422.86 
1577.54 
1709.17 
1832.90 
1938.07 
2036.94 
3119.58 



23400.52 



46801.04 
1195.13 



47996.17 
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Collecting together the parts that resist tension, and calculating the weights by the 
formula 



we obtain the following : 



N A MB. 



Bottom segment qp 



tt 



«« 



«i 



t€ 



€i 



tt 



tt 



tt 



tt 



tt 



tt 



tt 



po 
n 

ml 
Ik 
ki 



Counter-tie q 
" Np 
" Mo 



tt 



tt 
tt 

t€ 
tt 
tt 

Tie Li 
" Mk 
" Nl 
*' Om 
'' Pn 
*' Qo 
" Rp 
Bq 



" Ln 
" Km 
" II 
" Hk 



tt 



Total for one half of the trass 
Amount of wrought-iron. 



!r= 



Wl 
18000, 



Tensions. 



LENGTH. 



12.6 

12.5 

12.5 

12.5 

12.5 

12 5 

12.5 

35.355 

35.355 

35.355 

35.355 

35.355 

35.355 

35.355 

35.355 

35.355 

35.355 

35.355 

35.355 

35.355 

35.355 

27.951 



STRAIN. 



48083 
132519.5 
201702.5 
258968 
303180 
335662.5 
357347.5 
1555.6 
3111.3 
6095.3 
9079.3 
15421 . 6 
15422 
22681.2 
34619.2 
47719.8 
60820.4 
75083.4 
89346.5 
104772 
120197.6 
108138.5 



FIVE TIMES 
THE BTBAIN. 



240415 
662597.5 
1008512.5 
1294840 
1515900 
1678312.5 
1786732.5 
7778 
15556.5 
30476 . 5 
45396.5 
77108 
77110 
113406 
173096 
238599 
304102 
375417 
446732.5 
523860 
600988 
540692.5 



LBS. 07 
WBOUGRT-IEON. 



166.95 

460.14 

700.35 

899.19 

1052.71 

1165.50 

1240.79 

15.28 

30.56 

59.86 

89.17 

151.46 

151.46 

222.75 

339.99 

468.65 

597.31 

737.39 

877.47 

1028.96 

1180.46 

839.60 



12475.79 
24951.58 
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COMPARISON OP WEIGHTS OP BRIDGES. 

Having finished the calculations for the weight of each member of each of the 
seven trusses examined, we will now procceed to compare the weights of bridges erected 
on these diflferent plans. Having followed the same methods of investigation in all of 
the bridges, and having demanded the same strength from each, we may conclude that 
our comparisons will give the relative values of the combinations in the different trusses 
as far as concerns the economy of form. The lightest bridge will evidently be the 
cheapest, and probably the best. 

Allowance for Mechanical Connections. 

The weiglits that we have determined are all calculated for shorter lengths than can 
be used in practice. We have made no allowance for the extra material needed for 
joints, eyes, nuts, bolts, etc., to secure the mechanical connections of the different parts. 
No definite percentage for this can be given, as it depends entirely upon the practical 
skill of the inventor or builder of the bridge. It may be assumed, however, as varying 
from 10 to 20 per cent., but the discussion of its exact amount is unnecessary for the 
purposes of this treatise, as we assume equal skill in this matter in the builders of each 
truss. We will add 10 per cent, to the weights previously determined, to cover this 
necessity. 

Allowance for Top-bracing and Flooring. 

Besides the weight of the two trusses that form the ordinary railroad bridge we 
must include the top lateral bracing, that connects the trusses, and the roadway-bearers 
with the track and its appurtenances. We will then add 

For iron floor beams 1260 lbs. per panel of bridge. 

For top lateral struts 270 " " " 

" " " ties 300 " " " " 

For track (indading roils, stringers, ties, chairs, foot- 
walk, etc.) 3070 " " " 

Total 4900 " " " 

which is 2450 lbs. per panel for one truss. For our bridges, that have 16 panels, we 
must therefore add 

4900 X 16 = 78400 Iba 

Tabulating our results, we get : 
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Ill 



Fink 

Bollman 

Jones 

Murphy- Whipple 

Post 

Triangular — 1 . . . • 

—2.... 

Linville 



Casi-Iron. 



45369.00 
41920.82 
61585.72 
42918.16 
40814.72 
56090.75 
45333.59 
47996.17 



Wrought-Ikon 



Total. 



45890 . 32 
93765 . 32 
29092.04 
31093.92 
28151.46 
26028 . 52 
26832.95 
24951.58 



91259.32 
135686.14 
90677 . 76 
74012.08 
68966.18 
82119.27 
72166.54 
72947.75 



10^. 



Onk Truss. 



9125.93 
13568.61 
9067.78 
7401.21 
6896.62 
8211.93 
7216.65 
7294.78 



100385.25 
149254.75 
99745 . 54 
81413.29 
75862.80 
90331.20 
79383 . 19 
80242.53 



Two Trusses. 

200770 . 50 
298509 . 50 
199491.08 
162826.58 
151725.63 
180662 40 
158766.38 
160485.06 





Bracing 

AMD 

Flooring. 


Weight 

OF 

Bridge. 


Less than 

ASSUMED 

Bridge'Weight 


DirFERENCE 
PER 

Panel. 


Order of Lightness. 




C««i-Iron. 


Wrought 
Iron. 


Bridge 
Weight 


Fink :... 


78400 
78400 
78400 
78400 
78400 
78400 
78400 
78400 


279170.50 
376909.50 
277891.08 
241226 . 58 
230125.60 
259062 . 40 
237166.38 
238885 . 06 


20829.50 
-76909.50 
22108.92 
58773.42 
69874.40 
40937 . 60 
62833.62 
61115.94 


1301.84 
-4806.84 
1381.81 
3673.34 
4367.15 
2558.60 
3927 . 10 
3819.75 


5 
2 
8 
3 
1 
7 
4 
6 


7 
8 
5 
6 
4 
2 
8 
1 


7 


Bollman 


8 


Jones 


6 


Murohv-WhiPDle.T.-r.r.rTT- 


4 


Post 


I 


Triancular— 1 


5 


" _2 


2 


Linville...... 


3 



We see from this comparison that the bridges are in order of lightness as follows : 

1. Post 

2. Triangular (with intermediate posts). 

3. Linville. 

4. Murphy- Whipple. 

5. Triangular (without intermediate posts) 

6. Jones. 

7. Fink. 

8. Bollman. 

All but the last are lighter than the originally assumed weight of bridge, and, if 
re-calculated with the new values of m/', would be still ligther, except Bollman 's, which 



I-' 
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would require a still greater amount of metal. Or, each of the first seven bridges may 
be supposed to be loaded with the following additional weights per panel : 

Post 4367.15 

Triangular (with posts) 8927 . 10 

Linville 8819 . 95 

Murphy-Whipple. 8673.34 

Triangular (without posts) 2558.60 

Jones 1381.81 

Fink 1201.84 

Comparing these bridges with Fink's, we find that, as they stand, each will carry the 
following number of pounds more per panel : 

Post 3065.31 

Triangular (with posts) 2625 . 26 

Linville 2517 .91 

Murphy-Whipple 2371 . 50 

Triangular (without posts). 1256.76 

Jones 79.97 

We will now endeavor to ascertain why these diflferences exist, and, with that end, 
we will try to find out what should be the angles of ties and struts to transmit given 
strains with the minimum amount of material. 



t 
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BEST ANGLE FOR A PAIR OP TIES. 



TO DETERMINE THE PROPER ANGLE -OF INCLINATION FOR A PAIR OF WROUGHT-IRON TIES 
THAT THEY MAY TRANSMIT A GIVEN WEIGHT TO THE POINTS OF SUPPORT WITH THE 



MINIMUM AMOUl^T OF METAL. 



FiObl?. 




Let i) 5 be a beam, of the length a, 
strengthened by the post A and the ties 
CD and CB, and with the weight W at A. 
The weight is at once transmitted through 
A to C, whence it is carried to D and B 
by the ties 01) and OB. We wish to 
ascertain what should be the inclination of 
OB to the vertical that it may transmit its 
half of PF to J? with the minimum amount 
of material. 

TF at (7 is represented by Oh, which is 
resolved into e and Of. From ABO and 
Oeg we get 



or. 



hence, 



Cg :AC::Ce:CB 
iW: h :: (7^ :Vja' + V 

h 



But Oeia the strain on OB. Assuming the average breaking weight of wrought- 
iron at 60000 lbs. per square inch, if we divide Oe hy 60000 we evidently obtain the 
number of square inches required in OB to just break under the strain Oe. Hence, 

Ce _ TFy/ja' + A* 



Cross-section of CB = = 

bOUUO 

Multiplying this by the length OB, we get 



120000 A 



Volume of CB==^M:±J^ = .^X^^4^ 



120000 A 



120000 



If now we find out what value of h will make this expression a minimum, we have 
solved our problem. 

This first factor being constant may be omitted, the volume being a minimum when 
ja' + V 



18 a mimmum. 



15 



i 
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DiBFerentiating, we get 

^X (2hdh) — Ha* + h*)dh 

Putting the Ist differential coefficient equal to 0, we get 

2h'—ia* — h^ = 0. 
^» = 4 a« 
h =ia 



The 2d differential coefficient is 

2h 



a» 



which is positive for A = i a. Hence this value of h makes the original function a mini- 
mum. Therefore, in the isosceles triangle D B C, C B should make an angle of 45^ with 
the vertical, or the two ties should be at right angles to each other. 

If h were less than a a, the length of CB would be diminished, but the strain on it 
would be increased, and therefore its cross-section, and the volume of the tie would be 
increased. 

If h were greater than i a, the tension on CB would be lessened, but its length 
would be so much increased that its volume would be greater than when h = h a. 

The law for the strength of all other materials under tension being the same as for 
iron — ^that the strength varies directly as the section — we may conclude that the same 
angle of economy holds for them under similar circumstances. 
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BEST ANGLE FOR A SET OP TIES. 

TO DETERMINB THE PROPER ANGLE OP INCLINATION FOR THE TIBS OP A TRUSS THAT 
THEY MAT TRANSMIT A GIVEN WEIGHT TO THE POINTS OP SUPPORT WITH THE MINIMUM 
AMOUNT OP METAL. 




Suppose the truss drawn above, whose span is a and depth A, with a weight W 
suspended at the middle point I^ of its lower chord, which is to be transmitted to the 
abutments. FB^ GO, HD, IE are the parallel ties which are to transmit one-half of 
W to the right-hand abutment. The run h of each tie is unknown, but is to be such that 
the sum of the volumes of the ties shall be a minimum. The angle of the posts is 
immaterial, except for preserving the parallelism of the ties, as it does not affect the 
strain on each tie, which is equal for all and independent of the inclination of the posts. 

The triangles B FG and B dc s^re similar. In the latter, B c=hW, and m B FG^ 
B G = h and B F= Vb^-^-h^. From them we get 



or, 
hence 



Bd : BF :: Be : BG; 
Bd : Vb^ + h^ : : \W\ h; 

wVb^ + h} 



Bd = 



2h 



But the cross-section o( B F'm square inches is evidently equal to its strain divided 
by 60000, or -^^p^ y,Bd. Its length is B F= Vb^+h^. Hence, representing its volume 
by V, 

wVb^ + h^ ,—— _ TT (y + h^) 



120000 h 



120000 A 



The strain and the length being the same for each tie, their volumes must be the 
same. The number of ties between the middle and the abutment is evidently equal to 



116 IRON TRUSS BRIDGES FOR RAILROADS. 

i a divided by b. Multiplying the volume of one tie by the number of ties, we get the 
entire sum which we seek. Hence, 

120000^ '^ 2 6 ""240000^'^ b " 

We wish to find such a value for b as will make this function a minimum. 
The first factor is constant, and the function will be a minimum when the second 
factor is a minimum. Differentiating it, recollecting that A is a constant, we get 

Putting the first differential coefficient equal to 0, we get 

b =h. 

The second differential coefficient is 

26A« 

which is positive when b=:h. Hence this value of b makes the original function a 
minimum. 

We see, therefore, that the angle of economy in the case of a set of ties is the same 
as that previously found for a pair of ties, and is 46^ 
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BEST ANGLE FOR A PAIR OP STRUTS. 

TO DETERMINE THE PROPER ANGLE OP INCUNATION FOR A PAIR OP CAST-IRON STRUTS 
THAT THEY MAY TRANSMIT A GIVEN WEIGHT TO THE POINTS OF SUPPORT WITH THE 
MINIMUM AMOUNT OF METAL. 

Suppose the combination ABDC. AB and 
B D are cast-iron struts, J5 (7 is a vertical tie, and 
AD\a the chord. The weight is at G. 

The weight W is at once transmitted to -B, 
where it is ^ o, and its components are B a and 
B d. The height B \a \ and the span of the 
' truss is AD=^a. 

Prom Bed and B CD we get 




or, 

whence, 



Bd : BD :: Be : BC; 

Bd : Vh}+\a^ \: \w: h; 



But Bdia the strain on B i), and its length is -9 i) = VA'+Ja*. Substituting these 
values in the formula for the volume of a cast-iron strut, 



l.Tt 



F=^X^'"X^^ 



in which A is the numerical coeflScient for either solid or hollow pillars, and writing m 
for li and n for ~, we get ____ 



or, 



-= b X m X '^^^w^= [a X (I)-] ^t^". 



In this expression for Fthe first factor is constant, and may be omitted in obtaining 
the minimum. 

Differentiating, we get 



ii« 



Placing the first differential coefficient equal to 0, and omitting the denominator, 
we get 
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•!.i 



or, dividing by A— ^(V+Ja')^ 

A* (w + n) -m (/i«+ 4 a') =0 



which reduces to 



nh* = ^ ma* 



m^ a* 



but -=0.27933 

n 

and yi5= 0.528 

^ n 

Hence, A = 0.528X5= 0.264 Xa 

or, a = 3.788 X ^• 

This value of h substituted in the second differential coefl&cient of the fiinction ^ves 
a positive result, therefore we know that it is the value which makes the function 
a minimuiXL 

We see from this that the height of the triangle should be a little more than one- 
fourth of the span. The number 0.528 is the natural tangent of the angle of inclination 
of the strut with the horizontal ; the angle itself is 27^ 51^ The inclination with the 
vertical is the complement of this, or 62° 9'. 

It should be borne in mind, however, that though the angle just determined is the 
best for economy in the struts themselves, a less angle of inclination with the vertical 
would diminish the tension on the chord connecting the lower extremities of the struts, 
and might lessen the total amount of metal required in the combination. 

Assuming A D and jB (7 to be made of wrought-iron, let us determine when the sum 
of their volumes is a minimum. 

From Bed and B CD we get 

de : CD : :Be :B0 
de :^a : :iW :h 

whence ^~Th 

The strain on (7jD1s equal to de, and its length is i a. Hence its volume is 



5000 40000 h' 

The strain on jB (7 is W and its length is h. Hence its volume is 

Wh 

5000' 



^ 
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Doubling the volume of D^ for the sum of JL (7 and Q D^ and adding the volume 
of B Of we have 

a'W Wh 
20000A + 5000 

as the function of the variable A, whose minimum we wish to find. 
The function may be written 

The first factor is constant and may be omitted. Differentiating the second factor, 
we get 

16/i« ^ 

Placing the first differential coefficient equal to 0, we get 

16A«=4(^ 

As this value of h makes the second differential coefficient positive, it makes* the 
function a minimum. 

The value of h previously found when the metal in the struts was a minimum wad 
0.26 Xfl^, or about la. Hence a height between one-quarter and one-half the span 
would give the greatest economy in the toial amourU of metal in the combination- 

Trigoriometrical Determination. 
Let B be the angle OBD. Then 

Bd =\ WsecB 
B D = h9eoB 

Substituting the value o{ Bd for W, and oi B D for l^ in the formula for the 
volume of a strut, and using A for the numerical coefficient, and m and n for the 
numerical exponents, we get 

V=zA{\ Waec i?) - (A «cc J?) • 

or r= ^ (J IF) - X ^' («c B) -+• 
bat A ton fi = I a 

2tanB 

Substituting this value of A, we get 

F= [^ (i IF) - (J a) •] X 7^^.+ («»1?) -^' 
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Omitting the factor in brackets, which is constant, we may write the second factor 

?9in B \ * ~(co8-e)--»-^ {sin B) •~(oo8 J9)- («n !?)• 

Differentiating, we get 

{sin B)^X'^ {cos B)""'^ {—9in BdB)'\'(co8 B)''X^{9in B)^'^ {cos BdB) 
~ {co8B)*'^{sinB)*'' 

Omitting the denominator and placing the first differential coefficient = 0, we get 

{sin B) •+'X ^ {<^ B) — *— {cos 5) - + »X w («»^ B) — » = 

msin^B^noos^B 

ton«J9 = ^ = 8.68 

tonJ9 = 1.892 
B = %W 

This value of B makes the second differential coefficient positive, and therefore 
makes the ori^nal function a minimum. It agrees exactly with the value previously 
determined for the angle of inclination with the vertical. 
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BEST ANGLE FOR A SET OF STRUTS. 



TO DETERMINE THE PROPER ANGLE OF INCLINATION FOR THE STRUTS OF A TRUSS THAT THEY 
MAY TRANSMIT A GIVEN WEIGHT TO THE POINTS OF SUPPORT WITH THE MINIMUM AMOUNT 
OF METAL. 

Fia. 80. 




het AB 01) be a truss whose depth is A, and span a. Suppose the weight TTat 
-&" which is to be transmitted to and I) by the combination of inclined struts and ties. 
All the struts are under the same amount of compression, depending on their angle of 
inclination, and independent of the angle of the connecting ties. We wish to find what 
should be the value of J, the run of the struts, that the sum of their volumes may be a 
minimum. In the case of the pair of struts the value of h was to be determined — in this 
case h is fixed and b is the variable. 

The weight TT passing at once to U, where half of it is JFc, generates the strain JSd 
on JSG. From Ucd and JSHG we get 



Whence, 



Ec: Ed : :EE:EG 
^WiEd ::h:V^+V 

_ WVb' + V 



Ed = 



2h 



Ed IB the strain on the strut E G, and EG= Vb* + h* is its length. Substituting 
these values in the formula for the volume of a cast-iron strut, replacing the numerical 
coefficient by A and the exponents by m and n, we get 



for the volume of E G. 

The whole number of struts between ff and C is evidently equal to i a divided by 

J, or 2^. The volumes of the struts being equal, we evidently get the sum of their 

16 
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volumes by multiplying the expression for EGhj ^. Representing the sum of their 
volumes by 2 F, we get 



^--hM^-q^-M^^)' 



which is the quantity whose minimum we are seeking. The only variable in the expres- 
sion is h It may be written 



or 






As the quantity within the brackets is constant, it may be omitted in finding the 
minimum. Differentiating the other factor, we get. 



Making the 1st differential coefficient = 0, we get 
whence, 6' (m + n) = 6* + A« 

Replacing m and n by their numerical values, we find that 

= 0.8336. 



Vm-^n — 1 

Hence, 6=^X0.8336. 

Substituting this value of b in the 2d differential coefficient, we find that it gives a 
positive quantity ; hence this value of b makes the original function a minimum. 

The number 0.8336 is the natural tangent, of 39° 49'. We therefore conclude that 
the most economical angle for the parallel struts of a set is 39° 49' with the vertical, or 
50° 11' with the horizontal. 

IHgonometriccU Determinaiion. 
Let E be the angle HE G which we wish to find, 

Ed = i WsecE 
E0=h8ecE 
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Substituting Ed^ the strain on E Q for W^ and EQ for I, in the formula for the 
volume of a strut, and using A for the numerical coefficient, and m and n for the 
numerical exponents, we get 

V^aI ^sec eYx (h sec Ey 

Multiplying by A the number of the struts, we get 

2 V=^X^[Y'^^)\(h8ecEy 
Substituting for b its value h tan E, we get 

or ^ aX^X^X^-\ . (gec^r+' 

^^' 2- + * '^ ianE 

The first factor is constant and may be omitted. Differentiating the second fraction, 
we get 

ton jFc^(8eci;)*+*- (se/! Jg)** + * d tan E 

tan* E 



tan* E 

Putting the 1st differential coefficient = 0, we get 

tanEim-^-n) («eci?)»+— 'X«>*^- (««?^r"*""=0 

tan E {m'\'n)&,nE=8ecE 
sin* J& (m -}- w) = 1 

«n« E= — 1- 

to5r(8iVJ^) = 1.6132924 

% sin ^ = 9.8066462 

^=39° 50' 35" 

which agrees with our previous determination. This value of E makes the 2d differ- 
ential coefficient positive, as it should. 

The angle that is most economical for a single weight at the middle of a truss will 
evidently be the best for the general case of weights anywhere on the bridge. 
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LATTICE BRIDGES. 

The preceding investigations are all based upon the supposition that the parts that 
receive and transmit the strains, are all free to act as the strains necessitate, being 
fastened only at their extremities. When the diagonal ties or struts are firmly connected 
together at their intersections, by rivets or other similar fastenings, their normal actions 
are hampered, and a complex resolution of strains is necessitated that cannot well be 
traced. This plan is always followed in lattice bridges, and is sometimes adopted for 
some of the bridges that we have examined. If the connections are rigid, they must 
interfere with the contractions or expansions of the intersecting members in directions 
perpendicular, or nearly so, to each other, and must bring great shearing strains un the 
fastenings, and possibly transverse strains on the braces. 

In such cases the only safe method of discussion seems to be to consider the 1 russ as 
a solid beam, with large diamond-shaped interstices, and to calculate its strength as if it 
had originally been solid, and had had the greater part of the metal between thfj chords 
removed. Where the intersecting braces are not thus fastened together, the discussion 
will be similar to that already given for whichever of the trusses examined is most like in 
its combination to the given lattice bridge. Similar strains will be found, var}ing only 
in amount, and we will have shorter panel lengths and more intersections of tte braces. 
As the strains on the Top Chord are cumulative, and as the lattice bridges use the same 
lengths for top segments as the bridges heretofore used, they will require mc»re metal 
in the Top unless each top segment is made larger towards the middle of the bi idge than 
at the other end. They will also probably require more material on account of the extra 
amount of fastenings required. 

Lattice bridges are often constructed without any apparent attention to the fact 
that some members of the web must undergo strains of compression. This maj account 
for the lack of rigidity observable in many bridges of this class. 

It is well known that pillars of any appreciable length, when under a strain of com- 
pression, break by flexure. Any arrangement that fixes the middle of such a pillar adds 
greatly to its strength. It practically divides it into two pillars of half the length of the 
original, and, as we have shown in the discussion of Fink's bridge, the single long pillar 
requires for the same- strength 87 per cent, more material than is needed in the two short 
pillars. We cannot but think that rivets, or similar fastenings at the intersection of 
braces, are objectionable ; but any arrangements, such as sleeves, that would prevent 
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transverse motion, and yet not interfere with the normal transmission of strains through 
the axes of the intersecting members, would be a great gain. Jones' bridge is the only 
one that can use such a device, as he alone has intersecting diagonal compression mem- 
bers. There is no saving of material in thus connecting intersecting tension members ; 
the only gain would arise from the checking of the vibrations due to the passage of the 
moving load« 
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USE OP WROUGHT-IRON IN COMPRESSION MEMBERS. 

In most American bridges all compression members arc made of cast-iron. In 
English bridges they are generally made of wrought-iron. Hodgkinson investigated the 
subject of the use of wrought-iron to withstand compression, and his conclusions are 
given in the "Report of the Commissioners appointed to inquire into the Application 
of Iron to Railway Structures, 1849." We quote from pages 120 and 121 : 

** Hence we may infer that the strength of a wrought-iron pillar, whose length was 
such that it would yield by bending before it had sustained a pressure to injure much the 
material, would be as 

where n= 2, in very long pillars ; but in shorter ones the value of n will be reduced to 
any degree, or so that n = o, or that ?• = a constant, in very short columns ; showing the 
weakness of wrought-iron to sustain compression, and its unsuitableness for pillars." 

Although we may not follow Hodgkinson so far as to say that wrought-iron should 
never be used for pillars where it must sustain a strain of compression, yet it seems evi- 
dent that cast-iron is the better material for this purpose as it is unquestionably the 
cheaper. The rigidity of cast-iron is the very quality needed in a compression member, 
while the flexibility which makes wrought-iron so valuable for a Vjnsion member is the 
greatest objection to it when a compressive strain is to be met. Flexure is the very 
thing of all others that we must avoid in a member to resist compression, for we know 
from experiment that in cast-iron pillars of any length, fracture always takes place 
from flexure long before the crushing weight of the material is reached, and that if a pil- 
lar is so fastened that flexure is prevented or checked, its strength is much increased. The 
ingenuity of English engineers has been severely taxed to give wrought-iron struts such 
a form of section as will secure rigidity, while they refuse to use the cheaper material that 
has apparently been pointed out by nature. 

In this country we have secured such excellent results in castings, particularly for 
cannon, that we feel that if ordinary care be taken in choosing our material and in mak- 
ing the cast, nothing can be found that will compare with cast-iron for resisting strains 
of compression either in reliability or in cost. 

In accordance with these views, we have assumed the compression members in all 
the trusses examined to be made of cast-iron. 

This question is not of much importance in such a comparison as we are making, as, 



t 
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if it should be considered desirable to use wrought-iron to resist compression,, the change 
can as easily be made in one truss as in another. The kind of material used to sustain 
given strains cannot change the strains themselyes except in so far as it affects the per- 
manent weight of the structure. 
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CONCLUSION. 

From our preceding theories and calculations, we conclude as follows, taking up the 
trusses in order of lightness : 

The Post Truss. 

Our calculations show this truss to be the lightest of the seven which we have dis- 
cussed. The reason seems to be that it agrees more nearly than any other with our 
theoretical determination as to the most economical angles for ties and struts. The ties 
are at an angle of 45®, the exact angle indicated by theory, and the struts or posts are 
inclined. Though the latter have not the best angle to economize in their own weights, 
yet they probably have the best available angle to prevent waste of material in the ties, 
and at the same time to make the necessary connections between them, without neces- 
sitating unequal lengths in the segments of the Top. The very fact that our investigation 
shows that this truss, which agrees most nearly with what theory points out as the best 
combination, is the lightest, is an excellent corroboration of the soundness of the theories 
themselves. The counter-bracing in this truss is good. 



The IHangular Ihiss. 

In this truss the struts are nearer the theoretical angle than in the Post, but the 
ties diverge from their angle of greatest economy. Though it makes a light bridge, yet 
it does not appear to be well put together for stiffness, and there is no convenient method 
of keeping all the parts, especially those belonging to the first panel, in such continuous 
close contact as to prevent shock and sinking as the engine enters upon the bridge. The 
system of coimter-bracing seems incomplete. 



ITie IdnviUe Truss. 



This is a very good combination. The ties are at their ai\gle of greatest economy, 
but there is a little loss from the fact of the posts being vertical. It seems to be neces- 
sary in trusses to transfer the weights on them to the abutments in the most rapid man- 
ner possible, and the gain in the Post truss seems in some measure due to the fact that 
while descending the posts the weights gain half a panel length towards the abutment. 
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The sj'stem of counter-bracing, when used as shown on the diagram, is all that could be 
desired. 

The Murphy-'Whipple Ihuas. 

This is a good combination, though neither struts nor ties are placed at their angles 
of greatest economy, and therefore it requires more material than the trusses that pre- 
cede. The system of counter-bracing is good. 

The Jones Truss. 

The* calculations for this truss indicate that the transmission of weights by strut- 
braces is not so economical of material as their transmission by tie-braces. Increase of 
length tells more on struts than on ties, as the quantity of material in the former varies 
nearly as the square of the length, while in the latter it is as the first power. The 
counter-bracing in this truss is good. 

The Mnk Truss. 

The calculations show that the trusses proper much exceed the trussed girders in 
economy. We might readily see that this truss could hardly be saving of material, as 
the ties are very long and the longest sustain very great tensions under very low angles, 
deviating considerably from the angle of greatest economy. Moreover, the method of 
transmitting strains is such that many weights that are ultimately to reach a particular 
abutment are at first sent away from it to the middle of the bridge, returning through the 
long and nearly horizontal principal ties. In the trusses proper, many opposing top 
compressions meet and neutralize each other without being transmitted to the ends of 
the Top Chord ; but in the trussed girders all strains ultimately reach the ends of the 
Top, producing on all the segments the same strain as on the greatest. To this is due 
the great size and weight of the Top in this bridge and in BoUman's. 

The panel bracing which has been added in the diagrams seems to be required to 
secure the necessary rigidity. 

As a deck or under-grade bridge, this truss appears to the greatest advantage, par- 
ticularly where the span is not great. Its facility of self-adjustment under thermometi*ic 

variations is one of the points in its favor. 

17 
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The BoUman Truss. 

This bridge is very simple in design, but it is the least economical of all in construe* 
tion. The same objections that were urged against the Fink truss hold against Bollman's, 
but in a greater degree. There are more long tie-braces under low angles, and all strains 
are carried directly to the ends of the Top, thus causing the maximum strain on every 
segment of the Top. Experience has bhown that the panel bracing used in this truss is a 
necessity, and on this account we have had to insist on the same precautions in all the 
trusses discussed. This truss is inferior to the Fink in adjusting itself to changes of tem- 
perature. 
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PREFACE. 

In the following treatise I have applied the simpler processes of algebra to the discus- 
sion of the subject of strains in single F^pan trussts, and have obtained many formulne for 
practical application, sufficiently elucidating this method, I hope, to render easy the de- 
termination of other formulse adapted to any form of truss thut ingenuity may suggest. 
Only algebraic processes have been employed, because tliey are simpler, more comprehen- 
sible, more practical, and more accurate in practice than those of the higher mathematics. 
Uniformly distributed loads alone have been considered, whether full or partial, since it 
may be possible to load each part with the load which may be brought upon any one part, 
and if we consider the density of the whole load to equal the maximum density at any one 
point, any other case can only produce a less si rain. No comparison is made between the 
dififerent systems which are given, many of them for the first time, since practical details of 
construction affect the theoretical economy, and to fully consider these would be beyond 
the scope of the present volume; thore are many cases, however, where the practical diffi- 
culties may be ignored, since they arc so nearly equal, and a comparison readily made. 
The changes in the form of a truss caused by want of rigidity, or temperature, will not 
affect the values of the formulae. The discussion of the strains affecting drawbridges, 
leading directly to the subject of cantilever trusses, which includes continuous trusses, the 
Sedley system, and many other important forms, for which we have no practical formuls, 
must, with the subject of arched trusses, be re erved for a future volume. 8. H. 8. 
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PREPARATORY NOTE. 



In the preparation of the following pages a few leading objects have been kept in 
view by the author. 

First To give, within the compass of one small volume, such descriptions of 
the various methods of locating country roads, and of constructing the road and 
street coverings in more or less common use at the present day, as will render the 
essential details of those methods, as well as certain improvements thereon of which 
many of them are believed to be susceptible, familiar to any intelligent non-profes- 
sional reader. 

Second To make such practical suggestions with respect to the selection and 
application of materials, more especially those, with the properties and uses of which 
builders are presumed to be the least acquainted, as seem needful in order to de- 
velop their greatest practical worth, and realize their greatest endurance. 

Third, To institute a just and discriminating comparison of the respective merits 
of the several street pavements now competing for popular recognition and favor, 
under the varying conditions of traffic, climate, and locidity, to which they are com- 
monly subjected. 

CONTENTS. 

Location and Grades of Country Roads. 

Earthwork, Drainage and Transverse Form of Country Roads. 

Road Coverings. 

Maintenance and Repairs of Roads. 

Streets and Street Pavements. 

Sidewalks and Footpaths. 

Tramways and Street Railways. 
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extensive table for finding the solidity in cubic yards 
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The whole being adapted for convenient use by Engineers, Surveyors, Contractors, 
and others needing Correct Measurements of Earthworks. 
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CONTENTS. 

Chapter i. — Preliminary Problems. 

a. — First method of Computation, by mid-sections drawn and calculated 
for area on the basis of Hutton's general rule. 

3. — Second method of Computation, by heights and widths, after Simpson*s 
original rule. 

4. — Third method of Computation, by means of roots and squares ; a 
peculiar modification of the prismoidal formula, which will be found 
in practice to be both expeditious and correct in ordinary cases. 

5. — Fourth method of Computation, by regarding the prismoid as being 
composed of a prism with a wedge superficed, or of wedge and 
pyramid combined. 

6.— Professor Gillespie's four usual rules, with their corrections, and a 
comparison of his chief example with our third method of com- 
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7. — Preliminary or hasty estimates, computed by Simpson's rule for 
curvature. 
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MODERN PRACTICE 

OP THE 

Electric Telegraph, 



A HAND-BOOK 
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ELECTRICIANS AND OPERATORS, 



Since the introduction of the Electric Telegraph in this country those engaged in 
its service had, prior to the first edition of Mr. Pope's excellent book, been entirely 
dependent upon verbal instruction and practical experience for a thorough techni- 
cal knowledge of their profession. The most of the works accessible to the Amer- 
ican Telegrapher were more of a popular rather than of a strictly scientific charac- 
ter, or else too elementary to be of any use, except to mere beginners. Of course, 
before the appearance of Mr. Pope's book, and since, there had and have been 
many foreign works, very excellent in their different applications, but all more or 
less expensive, and not suitable in many respects to American practice. The re- 
ception which Mr. Pope's book has had since it first appeared, and the many edi- 
tions it has passed through, is a certain indication of its having supplied the defi- 
ciency which had existed in this branch of scientific literature, besides the warm 
praise it has had by those who have used it, is a sure gauge of its eminently excellent, 
practical character. Prof. G. W. Hough,^ in passing an opinion upon the work, 
wrote : " There is no other work of this kind in the English language that contains 
in SQ small a compass so much practical information in the application of galvanic 
electricity to telegraphy. It should be in the hands of every one interested in tele- 
graphy, or the. use of batteries for other purposes." And many others could be 
quoted, whose praise would be equally as strong. 
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Tyndall— Extract from Prof. Tyndall's Report— Sonth Foreland Elect? ic Lights— Roman Pharos in Dover Castle- 
Examination of the Doty Lamps - Experiments with lights in Westminster dock tower— Trinity House 
Depot at Blackwall— Improvements in Lamps for Light-Uonses— Iron Light Houses off the month of the 
Thames— Oxfordness Lights- Depot at Tarmonth— Haisborough Lights— Experiments at night with Hais- 
borough Lights— Newarp Lig t Ship— Cockle Light Ship— Spurn Point Lights— Flamborough Hesd Light— 
Whitby Lights— Sonter Point Light— Coquet Light— Inner Fame Island Lights— Longstone Light— Light-House 
Depot at the Isle of Wight— Saint Catherine Light— The Needles Ught— Ughts of the Bill of Portland— The Start 
Light— Ths Eddystone Ught— Saint Anthony Light— Plymouth Breakwater Light— The Lixarda Lights— The 
Wolf Light— Rnndlestone BelUBuoy— Seven Stones Light Ship— Longships Light— Oodrevy Light— The Stones 
Buoy off Godrevy— Holyhead Light— North Stack Fog Signal Station— South Stack Light— Howlh Baily Light— 
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Houses— Apparatus Exhibited at Vienna— Iron Towers— Swedish Lights— Austrian Fog Horns— Osnaglil'a 
Reflectors. 

[Kvenififf Pott, S, r., JtUp IWA, 1876.] 

** Major George H. Elliot, of the United Statt^ Engineers, was some time ago employed by our Government 
to collect information concerning the present condition of European sea coast illumination and its cognate aids 
to commerce. With this object in view he went to Europe in 1878, and, enjoying excellent facilities for seeing 
what was best worth seeing, has produced a work full of interesting infonnation upon a very important topic. 
It is entitled, * European Light-House Systems ; being the Report of a Tour of Inspection made in 1878.' 

**AmoDg the improvements recommended by Major Elliot is one relating to the question of fog-whistles. 
Callous as we have become concerning the sacrifice, through negligence, of human life, and persistently as we 
refuse to see that as accidents have happened, so they may happei\ again, we cannot shut our ears to the warn- 
ings of so competent an adviser as Major Elliot. He tells us that the fbg signals now io use are very often 
efficient in power and wrongly placed on the vessel. Being placed abaft the foreaaila and in front of the great 
smoke pipes, the sound shsdows often cover the precise direction in which it is most necessary the warning 
sho Id go. Major Elliot is of opinion that the question of the position of the fog-signal and the kind to be 
used should be regulated by a joint commission of the governments concerned. 

** The work, with its abundant store of interesting and valuable information, ia now first given to the public. 
It is replete with illustrations, and may be considered a full representation of the present state of the light-house 
service— a branch of useful science, in which very great improvements have been m de of late yeara.** 
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Single Span Trusses with Horizontal Chords — Single Span Trusses with inclined 
Chords — Continuous Girder of Two Spans — Continuous Oirder of Many 
Spans — ^Pivot Bridges or Draw Spans. 

NOTICES. 

In this snull work of 79 pages Prof. GracDe has handled in a yery able manner, an ezoeadlngijr difllenlt snb- 
Ject While almoet every wnter npon engineering matters has tried hla hand at exp!aiulnff the graphio method 
of determining the strains in routs and trnsses, and while the market has been flooded with worlv, both great 
and small, in every sense oi the word, upon bridge calcniations, no person h s produced a satisfactory mode of 
applying the graphic system to the peculiar and little nudcrstood straina in oontlnuoos girders and to pivot 
brtdges. This Prof. Greene has done, and in a manner which cannot fail to meet Uie approval of «!nginm-rr. 
The work, beginning with very elementary notions, will serve txMh for students and for those more advan<.'ed lu 
the profeMlon, who need to refresh their memories npon mechanical polnta. The live divisions of the work 
show how the subject is treated: BingU Upan Tnuse9 with UoritotUal Vhartia; SingU Span Tirtumn with /•»- 
0lin^ Ckordn; OnUinuouB Oirdert qf J\po Upana; Comtinuftua Girderg uf Manw Upatu ; mna i'ivat Bridg$§, 

Without stoppt'ig to remark upon Chapters I. and IL, except to say that they are exceedingly clear, and go, 
in a very sh >rt space, over all the ground, we come to Chapter III., in which thf author brings ont the ingenious 
method of arss moment^, both grspfaically and analytically, th** simpllcitv and beautv of which will certainly be 
appreclfited oy the student of engineering. In i'haptjfr V., under the he«d of Pivot Bridges or Draw Spans, we 
have th t be$t dlscuMloii of this snlqect which we have ever seen. A clear Idea of the varioua strains in a draw 
span, when op fu, when shut, and when partially or fully load«Hl, has seldom been obtained without the use of so 
mnch of m ithc.nsitics as to put It beyond the reach of any except specially Intelligent students. It is upon this 
point thiit i*rof. Greene has done great service to the profession. Nothing, however, but republishing the chap- 
ter would do it justice. In Ane, the whole book may besrtilv be commended both to engineers and to engineer- 
ing studcDts.~'/eo. L. Vo^ in Van Aosfrvmd** teleetie Kngineerifui Magaxine/or ApriL 

This work treats of single-span trusses with horieontal chords, single-span trusses with inclined chords, 
continuous girder of two spans, continuous girder of many spans, and ptvot-bridges or draw spans, to each of 
which general topics a chapter is devoted. 

The book is designed to remove some of ttie dlfflculties which beset the attempt to determine stresses on 
trasses continuous over piers, and on pivot or draw bridges arising from the intricate character of the mathe- 
matical Investigation and the applicsticHi of the deduced formulae. 

The exteaslon and adaptation of the graphical method to contlnnoua girders and draw spans Is believed by 
the author to be origl al, and Is claimed to be general in its application, easily tried, and well adapted for the 
drawing Ul>le and pracUcal work, involvluR uio nseof only 1 bed rawinff-board, triangle, T-squsre or s raisht- 
edged scale, and lead pencil. 80 tar as we have had opportmiity to examf ne the work, we believe that the author 
has well succeeded In compassing his original design. The work will be fsr more easily followed by readers 
not thoroughly up in mnthematics than many others treating of similar or collateral subjects. '1 ho book is very 
handsomely printed on good paper and neatly bound In cloth.— ilnMnean ArtiMm, 

This treatise elaborates a method of investigating the stress on roofs and trusses, originated by Professor 
Clerk-Maxwell; and It shows once more the value of the graphical method of describing the physical chsracter- 
istcs of complex bodies, a method which seems destined to be adapted to every branch of mechanical and dy. 
n:im1cal science. The author |)oiiits out, with much force, that not only Is the system available for the solution 
of the problem of the strains of a girder, the dimensions of which are given, out it also containa a means of 
checking the accuracy of the workuig drawings of the structure.— iSeimff/« Amtrican* 
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The nse of rolls for the manu&cture of iron is unquestionably an Englbh invention. The first 
^T»^t«'</ rolls were constructed in the year 1783 by Henry Cort, who thereby laid the foundations of 
a magnificent industry, but suffered grievous ill-usage, and died a miserable death. 

The subject of roll-turning has been so scantily treated in all the books which have described 
the manufacture of iron, that very little that is useful can be gleaned from their pages. None of the 
late books on the subject contain more information than was given by Karsten, m 1 841, though since 
that time extraordinarv progress has been made in the art. The chief ground of this neglect of this 
vital blanch of the industrv is, in my opmion. to be found in the fact that those who have lately writ- 
ten on Iron Metallurgy have not, as a rule, been practical metallurgists, but only metallurgical 
chemists ; and therefore, they have neglected as trivial such things as passes, or perhaps have even 
held it beneath their dignity to write about them ; they have, however, accomplisned a great deal in 
their own branch. 

Edouard MaUrer published in 1865 a work, or rather atlas, containing the finished sections of 
many different kinds of iron, but there was nothing in his work which treated of roll-turning except 
a few ideal drawings, in which the finished pa^ises of many sections were draMrn on same pair of 
rolls. Some years ago, Mr. Biederman, a true metallurgical engineer, proposed to publish a work 
on roll-turning illustrated with correct drawings, which together with the corresponding manuscript, 
I have seen, but the publication of which was given up for reasons unknown to me. These facts 
show that there must be some great difficulty in publishing such a work, which is indeed actually the 
case. This difficulty is caused by two circumstances: by the fact that the art rests not on theory, 
but on wide experience — the men of experience being seldom able, and rarely willing, to publish 
their knowledge for the benefit of others— and by the fact that if such a work shall really serve a 
useful purpose, so many drawings are necessary that the cost becomes excessive, and the labor of the 
author unremunerative. The first circumstance rather than the latter, has therefore prevented me 
from writing any complete treatise on roll-turning, though I have often treated of special points, and 
in 1838 furnished the text and drawings fot a small work on rail making which was published by 
Industry and Trade Society of Inner Austria. 

For some twenty-five years I have felt it the more deeply when I observed, as I often had the 
opportunitv of doing, that many men — and especially those from abroad — r^arded themselves as 
inaispensable to this or that mill merely because they possessed the drawings of a few sets of rolls 
which had been used and liked. 

I have therefore at last determined to publish this treatise, which, however, makes no pretence 
to infallibility or entire completeness. 

P. TUNNEr. 

From the American Artisan. 



** On another page of the present issue of our journal wc give nn extract from this volume, which we com- 
mend as a ciear^laborate and practical treatise upon the department of iron maimiiicturmK o^raiions, to which 
it is devoted. The wntcr states in his preface that for twenty.Ax c years he has felt the necessity ot such a work 
and has evidently brouf^ht to its preparation the fruits of experience, a painstalcing regard for accuracy of 
statement, and a aesire to furnish infoimation in a style readily understood. The book should be in the hands 
of every one mteiested either in the general pn^ctice of mechanical engineering, or the special branch of maou* 
&cturing operations to wliich the work relates." 



D. VAN NOSTSAKD, Fnblisher, 23 Murray, and 27 Warren Eta., N. 7. 

V Copies forwarded free of expense on receipt of price. 



Omm Vm>lwum9, Crow» 8to« 44« Pases. Price, §!•&•• 



DICTIONARY 



OF 



lilPACTimiS, IINIIKI, liCHim, 



AHD 



INDUSTRIAL ARTS 



BT 



CEORCB DODD. 



OB, 



This work — ^a small book on a great subject— treats, in alphabetical arrangement, of those nomer- 
ous matters which come generally within the range of manufactures and the productive arts. The raw 
materials — animal, vegetable and mineral — whence the manufactured products are derived, are tnc- 
cinctly noticed in connection with the processes which they undergo, but not as subjects of natural 
history. The operations of the Mine and the Mill, the Foundry and the Foige, the Factory and the 
Workshop are passed under review. The principal machines and e'lginef, tools and apparatus, 
concerned in manufacturing processes, are briefly described. The scale oo which our chief bcancbes 
of national industry are conducted, in regard to values and quantities, is indicated in various ways. 
The volume must be taken simply as a compendium of the various subjects to which it relates — a 
succinct account of the leading lacts. If it serves as an introduction to, or a brief and handy substi- 
tute for, more bulky and costly works, it will have fulfilled its purpose. 

Confined pretty closely to the matters denoted by its title, the Dictionary toochet only in a cur- 
sory way on scientific topics. The physical and chemical laws which supply a basis for the industrial 
arts must necessarily be noticed so fiu as to render the process intelligible ; but scientific investiga- 
tions/^ u, irrespectively of their practical application, are not included. 

Nor has it been deemed expedient to include the vast subject of Civil Engineering. The earth- 
work, concrete-work, brick-work, stone-work, wood-work, and iron-work, whereby the bold con- 
ceptions of the engineer are realized, are mechanically and technically similar to those concerned in 
ordinary building operations ; but the scientific elaboration of plan, the largeness of scale, the 
grandeur of result, place the great works of civil engineering in a class by themselves. Railways, 
cuttings, tunnels, embankments, viaducts, bridges, aqueducts, canals, locks, docks, quays, harbors, 
sea walls, breakwaters, lighthouses, drainage, sewage, water-supply, river improvements, land re- 
clamations, may well have a companion volume to the present devoted to them. 

The author has supplemented his own acquaintance with the subjects treated in this volume by 
information derived from trustworthy sources. Among such sources may be named Tomlinaon's 
comprehensive and accurate <' Cyclopedia of Useful Arts ; " Hunt*s recent edition of " Ure*8 Dic- 
tionary of Arts and Manufactures , ** Reports of the several Intematinnal Industrial Exhibitions, held 
at Hyde Park in 1851, New York in 1853, Paris in 1855, Brompton in 186a, and Paris m 1867 ; 
Proceedings of the British Association, and of the Social Congress ; Industrial and Statistical Papas 
of various kinds included among the Parliamentary Blue-books ; and the Reports of Proceedings 
before the Society of Arts and the Scientific bodies A few facU have been derived from CoU*8 
recent volume ('< IIow to Develope Productive Industry in India and the East," Virtue & Ca, 1867). 
As a native of India, directly connected with the cotton manufacture at Bombay, Mr. Cola has 
traced the manner in which English-made machinery may best be employed in India ; and to facili- 
tate his work, he has given the present prices of a considerable range of machines. This being a 
kind of information not often met with in books, a few of his items are given ia this Dictionary 
under their proper headings. 
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The Fatigue of Metals " is the name which has been given to the effect produced by oft- 
repeated Impacts or strains. 

Spangenberg's experiments, an account of which, translated for Van Nostrand^s Magazine, is 
given in the fcuLowing treatise, were« as will be seen, in continuation of Wohler's. The results of 
these very important experiments have been before the profession for some years, but, strange to 
say, seem to have attracted no attention ; and tests of iron and steel still go on for the purpose of 
determining their elasticity, their elongation under strain, their ultimate strength and other qualities, 
while Wohler and Spangenberg's experiments show that it is very doubtful tluit these bear any pro- 
portion to the durability of the metals. 

These experimei\ts prove that tliere is a limit of strain within which iron is practicably inde 
stmctible, and that limit is but little over 30,000 lbs. per square inch for the best iron. If, as in 
some of the braces of the Warren truss, and other forms, there is both tension and compression at 
different times, the limit b the sum -of the two strains. They further show the dangetous character 
of truss work when there is ambiguity of strains. It is to be hoped that the translation of Spangen- 
berg*s book will excite sufficient interest to lead to a continuation of these experiments in this 
country. 

S. H. SHREVE. 
New York, Afay, 1876. 
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